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The National Space Program 


It has been the custom of the Society for a number of years to invite a distinguished guest to the Fall Convention to address the Con- 


vention on Awards Night on some phase of engineering, not necessarily directly concerned with motion pictures or television, but of 


great general interest. In view of the rapid expansion of photographic instrumentation in space technology it seemed particular 


apropos that Edgar M. Cortright, Chief of Advanced Technology Programs of the National Aeronautics Space Administration, be 
invited to address the 1959 Fall Convention. Mr. Cortright’s talk on the National Space Program proved of such wide interest 


and the developments he described are so important that it has been decided to publish the major part of his address in order that 


it may be read by those who could not hear him and also for documentation for future reference—Glenn E. Matthews, 


Editorial Vice-President. 


Wins rHE National Aeronautics and Space Administration 
was established in 1958 it was the intent of Congress and the Ad- 
ministration that this country should have a broad and vigorous 
Space Program dedicated to the exploration and exploitation 
of space. The work of NASA did not start from scratch; we in- 
herited a rich legacy of accomplishment on the part of science, 
industry and government; and on this foundation we have at- 
tempted to build a continuing and far-reaching program. 

There have been both successes and failures during the past 
year. It is particularly important that we, in this country, view 
these incidents in their proper perspective. That is, we must take 
a long-range view of the Space Program and should not be 
overly elated with temporary successes or overly discouraged 
with temporary failures. On the other hand it would be dan- 
gerous to concentrate on and become preoccupied with only the 
goals which lie decades away. The proverbial donkey will not in- 
definitely pull a heavy load over a rough road in pursuit of a 
carrot which he never reaches. If he is allowed to bask in the 
oases along the way, reached by dint of his hard labors, the 
chances are he will keep going, enjoy the trip, and maybe get 
the carrot after all. So I think it is with all of us. We must look 
at the entire program as a continuing program in all of its as- 
pects. I feel sincerely that the exploration of space will be an ex- 
hilarating experience, both for the nation and for each of us as 
individuals. 

The Space Program is very broad ; this brief discussion will be 
limited to the following areas: Space Sciences; Satellite Appli- 
cations; Manned Space Flight; Propulsion and Booster Sys- 
tems; and Advanced Technology. 


SPACE SCIENCES 


Atmospheres 

Let us begin by taking a quick look at the study of the at- 
mosphere surrounding our Earth. We know that we live at the 
bottom of a sea of air, which exerts approximately one ton of 
pressure on every square foot beneath it. During the ten years 
preceding the International Geophysical Year, this country 
fired about 400 sounding rockets up into the atmosphere to var- 
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ious altitudes, and during the International Geophysical Year 
we fired 200 more. The atmospheres program is now reaching 
the point where we’re getting considerable scientific pay-off and 
this work will continue with increasing activity. From the use of 
these sounding rockets, plus more conventional meteorological 
efforts, we now understand quite a bit about the atmosphere up 
to about 50 to 100 miles above the Earth’s surface. Within this 
atmosphere there is a great deal of motion resulting in what we 
call “weather.” The motion of the atmosphere results primarily 
from the movement of the Earth plus the uneven distribution of 
energy (heat) which is fed into the atmosphere from the Sun 
(Fig. 1). Some of this radiation is absorbed, some is re-radi- 
ated, and some is scattered and reflected by the atmosphere. 
At the higher altitudes the products in the atmosphere begin to 
change; oxygen dissociates into atomic oxygen, and ozone be- 
comes more prevalent, for example. Interactions of these rare- 
fied gases with the radiations from the Sun are believed to be 
important, perhaps influencing or “‘telegraphing”’ some aspects 
of the weather. 


Tonospheres 


At an altitude of 100 miles there is only one-billionth of the 
atmospheric density that we have at sea level and yet above 
these altitudes is found much of the ionosphere. Let us examine 
the ionospheres program (Fig. 2). The old picture of the “‘iono- 
sphere” was something like the following: it was believed to con- 
sist of discrete layers of charged particles — ions — the D layer 
at 35 miles, the E layer at 60, F-1 at 120 and F-2 at 180. These 
layers have some interesting properties: for one thing, depend- 
ing on the wavelength of the radio waves which encounter 
them, they turn back the radio signals; for example, longwave 
radio is reflected from the lower levels of the ionosphere, the D 
or E layer, and the shortwave radio, which gets a longer range, 
is reflected from the F layers. Very-high-frequency radiation, 
such as is used for television transmission, penetrates all of the 
layers of the ionosphere. Because of this characteristic, the 
higher frequencies are used to communicate with space vehicles. 
During the night, the lower (D) layer disappears, the E layer 
becomes spotty, and the F layers merge. 

As a result of some of the studies conducted during the Inter- 
national Geophysical Year, it was found that the ionosphere 
does not consist of four discrete layers, but is rather a continuous 
but varying distribution of ions. The ionosphere itself is gen- 


January 1960 Journal of the SMPTE Volume 69 1 





PARTICLES 


ABSORPTION 
RERADIATION 
SCATTERING 


Fig. 1. Atmospheres. 


by radiations from the Sun, primarily by ultraviolet ra- 
ns, but during the IGY we have found that x-radiation 
a part, at least in determining the density at the lower lay- 
the ionosphere. ‘These studies are of continuing impor- 
not only to worldwide communication, but to the Space 
ram. Considerable additional work is planned for the de- 
yment of vertical sounding rockets, and of earth satellites; 
which we call ‘topside sounders,” beam radio signals 


hrough the ionosphere 


Energetic Particles 

\mong the areas of study of radiation from outer space is that 
energetic particles” (Fig. 3). The energetic particles in space 
ich we have been longest concerned about are cosmic rays. 
very-high-frequency particles approach the Earth uni- 
from all directions. They are the most energetic particles 
their energies being orders of magnitude higher than 
be generated under laboratory conditions. In their colli- 
ons with the atmosphere, they generate secondary radiations 
hich may be different from any that can be generated on the 
Earth, and the study of which is important to fundamental par- 

e and nuclear physics 
Another type of particle radiation under study is that en- 
intered in what is now called the ‘“‘great radiation belt,”’ dis- 
yvered primarily through the efforts of Van Allen. The dis- 
very was not anticipated, but was one of the typical bonuses 
hat often occur in scientific research. This radiation belt was at 
ne time thought to consist of a single, doughnut-shaped belt 
around the Earth. The particles in the belt are protons and elec- 
trons but we don’t know the energy distribution or the quantita- 
ive apportionment between the protons and electrons or even 
certain where they come fiom. Being charged, the particles 
are entrapped by the Earth’s magnetic field where they circle 


iround magnetic lines of force and oscillate back and forth be- 
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Fig. 3. Energetic particles. 


Fig. 2. lonospheres. 


tween the poles as described by magneto-hydrodynamical laws. 

Recent data obtained from the Explorer 6 “‘paddle-wheel’’ 
satellite, have revealed that the radiation intensity in the “belt” 
varies by orders of magnitude from week to week. It has been 
found that the radiation flux distribution through the belt is far 
different from anything that had been predicted; so we’re just 
scratching the surface of our understanding of this radiation 
belt. 


Fields 


Another area of scientific endeavor of particular interest is 
that of fields (Fig. 4). Fields are generated by certain objects 
and are felt in some manner at distant points, but we don’t know 
how or why; we have only empirical laws which describe their 
action. Of prime interest are magnetic, electric and gravita- 
tional fields. Within the Earth’s atmosphere, between the Earth 
and the ionosphere, is a powerful electric field, 290,000 volts 
potential difference; with the aid of vertical sounding rockets 
we are endeavoring to understand its significance. We also want 
to understand the interactions of the fluctuations in the Earth’s 
magnetic field with ionospheric variations and variations in the 
radiation belt. The Earth’s magnetic field is represented in Fig. 
4 by lines of force which resemble closely a classical dipole field. 
For years it has been known that this field varies with time; the 
magnetic pole moves. The theory most often accepted is that 
this field is generated by a movement of a fluid core within the 
earth. Some of the fluctuations are more rapid than might be 


expected from this huge, slowly circulating mass inside the earth 


and we are beginning to believe that these fluctuations are as- 
sociated with movement and density changes of the charged 
particles trapped in the great radiation belt. 

One of our fondest hopes is that by these studies we shall 
contribute to the basic understanding of field theory and hence 
to fundamental science in all categories. For example, one of the 
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Fig. 4. Magnetism, electricity, gravity. 
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world’s most distinguished scientists, the late Albert Einstein 
formulated a general theory of relativity, in which he attempted 
to relate these fields. This 1elationship has not yet been estab- 
lished. If the general theory of relativity is accepted, it would 
follow that gravitational attraction has an effect on the rate of 
physical processes, it slows them down; then if we remove grav- 
itational attractions these processes should speed up. 

We now have a unigie opportunity to test this theory. The 
technique would be as follows: we would put a satellite contain- 
ing an atomic clock into orbit. This clock would be accurate to, 
at least, one part in one billion. On the Earth we would have a 
matching clock, which would be synchronized with the orbiting 
clock, which would orbit at about 6000 miles altitude. The two 
clocks would be kept running over a long period of time and 
then compared. 


Astronomy 


Astronomy has many facets. The astronomer is interested in 
observing incoming electromagnetic radiations in the complete 
spectrum all the way from radio frequencies up through in- 
frared, ultraviolet, x-ray, and even gamma radiation (Fig. 
These different radiations tell us different things. By watching 
the radio frequencies, the radio astronomer can gather data on 
galaxies and nebulae. By watching the frequencies in the infrared 
range where molecules radiate, the astronomer may detect 
something about life processes on distant planets; and by meas- 
uring x-radiation and gamma radiation, he can detect facts 
about constituents of far-distant space. Needless to say, a prime 
goal, and one of the most exciting, is the possible discovery of 
some form of life beyond the confines of the Earth. To conduct 
this program scientists are working on orbiting telescopes to 
study these objects in space. A spec ial orbiting telescope is 
being developed to study the Sun. 


Exploration of Nearby Celestial Bodies 

The areas of interest in the space sciences program at- 
mospheres, ionospheres, particles and fields —-have been illus- 
trated with somewhat of an Earth-oriented viewpoint. Even 
astronomy was depicted as using instruments in Earth satellites. 
Actually, a major segment of the space sciences program is cur- 
rently devoted to sending instrumented probes to our neat 
neighbors in the solar system, the Moon, Mars and Venus. 
These probes will make measurements pertinent to all of the 
areas of scientific interest already discussed, and in addition, 
geophysical measurements of the surface and subsurface charac- 
teristics of these bodies will be made. 

An evolutionary sequence of instrumented spacecraft will be 
required which will proceed through missions such as fly-bys, 
impacts, orbits, rough landings and soft landings. 

One day man will follow, with the Moon as the first likely 
goal. Let us not be deluded, however; the task of returning a 
man safely from the lunar surface is fantastically difficult from 
an engineering viewpoint. It is not just “just around the corner.” 


Fig. 6. Cloud cover and storm detection. 


SATELLITE APPLICATIONS 


Another phase of the Space Program is Satellite Applications. 
For those of a practical bent who like to see early, practical re- 
turns, there are a number of applications which stand to bene- 
fit greatly from the use of the Earth satellite. These applications 
include meteorology, communications, navigation and geodesy. 
I will limit my discussion tonight to a review of meteorology 
and communications. 


Meteorological Satellites 


Now, for the first time, the meteorologist has an observing 
platform equal in scope to the problem which faces him, namely 
observation of all of the world’s weather, all of the time. The 
satellite has another advantage. By virtue of its position above 
the atmosphere, it can make certain types of measurements 
which can be made in no other way. The first inkling of what 
the satellite might do for the meteorologist came in 1954 with a 
rocket fired from White Sands, N.M. Montage photographs 
(Fig. 6) were made from films taken at 100 miles altitude. 
Clearly shown is a vortex pattern of clouds building up over the 
Gulf Coast of Texas. This is described by the meteorologist as a 
relatively small-scale cyclonic disturbance, although hundreds 
of miles across, and it was undetected by even the relatively 
numerous observing stations of the conventional weather net- 
work. This can happen, not because Weather Bureau observers 
are not careful and diligent in pursuing their observations, but 
because of the difficulty of piecing scattered observations to- 
gether into a sensible whole. The rocket picture showed this 
storm very clearly. Later, the storm turned out to be relatively 
severe, causing heavy rain damage in the Mississippi valley. 

Figure 7 illustrates other types of measurements that can be 
made with the satellite to help the meteorologist. The use of 
radar gives hope of determining the heights of the clouds, the 
different layers (stratification), and even precipitation areas 
throughout the world. Thunderstorms perhaps can be located 
by use of spherics (detection of lightning flashes). A type of ex- 
periment known as the “heat budget” experiment essentially 
measures the local imbalance of radiation between incoming 
solar, reflected solar and re-radiated energy. It is this local im- 
balance which drives the heat pump which moves the large air 
masses over the surface of the earth and causes what we know as 
“weather.” 

We also have hopes, by using spectrometers, of determining 
some of the temperatures in the atmosphere, as well as some of 
the constituents. Of particular interest to engineers are the 
types of instruments being used. Our only tie to the earth is elec- 
tromagnetic radiations, and hence we plan to use all of them 
that we know how to use. Included are television, infrared de- 
tectors, photocells, radar and spectrometers. 

Our earliest meteorological satellites will be spin-stabilized, 
and as a result will get to “look” at the Earth only during a frac- 
tion of their orbital period. They will carry daylight television 
and rudimentary infrared equipment. Our goal, however, is to 
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Fig. 7. Measurements with meteorological satellites. 


make possible by adequate research and development, the 
working elements of the hypothetical system visualized in Fig. 8. 

One element of this system is an Earth-oriented satellite with 
three-axis stabilization in a relatively low altitude polar orbit. 
By using a number of them, any one portion of the Earth, ro- 
tating beneath these orbits, would be viewed with not more 
than a few hours lapse between successive observations. These 
low-altitude satellites would obtain a detailed type of informa- 
tion. High-altitude satellites can be placed at 22,300 miles above 
the equator. At this position they will go around the Earth 
ynce each day and hence wil! stay directly above a subor- 
bital point on the Earth’s equator. By remote-control television 
the ground weather observer could select interesting weather 
situations almost anywhere on Earth and watch them develop. 
How many and what type of satellite will actually be needed re- 
main to be seen. 

One of the main problems with a system like this is getting 
he data back to a weather center on a real-time basis. Data 
rom just one satellite on the other side of the world would 
swamp existing transatlantic communications. At present there 
s a capacity of less than 200 telephone channels across the At- 
antic; and yet one television channel is equivalent in band- 


vidth to 1000 telephone channels 


Satellites for Communication 


Meteorological satellites would be only one type of equipment 
equiring a communication bandwidth of video magnitude. We 
also want transatlantic video for its own sake. It is more than 
ikely that in the near future the cables will be saturated by 
ce communication alone, without giving us any transatlantic 
r\ 
\mong other approaches to transatlantic TV, the communi- 
ations satellite is one of the most promising. Leading communi- 
cations organizations seem to support this point of view. Two 
pes are of particular interest to NASA at the present time; 
ne is the passive communications satellite shown in Fig. 9 
Communication is accomplished by a high-intensity signal trans- 
mitted toward a reflecting surface which is in orbit about the 
Earth. A 100-ft balloon will be used in the first experiment. Sig- 
ils are reflected omnidirectionally that is in all direc- 
tions and they thus cover a large area of the Earth, but they 
are very weak. By listening for these signals with very sensitive 
equipment on the ground, a communication link of high band- 
width can be completed. It can be calculated that even at 3000 
miles altitude with a sphere of this size we can get a television 
bandwidth across the Atlantic Ocean 
[his first experimental step in this direction is called Project 
Echo. This experiment will utilize a 100-ft balloon made of 
aluminized Mylar only 2/1000 in. thick. The balloon weighs 
only about 150 lb despite its huge diameter. The reflecting ex- 
periments will be conducted between the Jet Propulsion Lab- 
oratory’s 85-ft antennae in California and antennae of Bell 
[Telephone Labs. and the Naval Research Laboratory on the 
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Fig. 9. Passive communications satellite experiment. 


East Coast. It is hoped that other experimenters who have suit- 
able equipment will join in the experiment. 

Figure 10 shows the balloon inflated in a hangar. Its size can 
be compared with the height of two men standing before it. This 
package can be deflated to a sphere only 30 in. in diameter. 
Chere are problems: for example, how to inflate the fragile bal- 
loon without tearing it; also, there is no way of knowing how 
long this balloon will stay inflated. This would depend on how 
rapidly it would be perforated by micrometeorites. It is in- 
flated with entrapped gases and also water vapor. Another 
problem is that of finding the balloon and keeping track of it. 
A beacon is being developed to be cemented to the skin of the 
satellite and so facilitate locating it. 

Che reflecting satellite has this one big advantage; it has no 
equipment on board to deteriorate over a period of time. If the 
surface is made rigid it should remain usable for very long 
periods of time. A world-wide commercial system might 
need as many as 30 such satellites. Keeping track of them is go- 
ing to be difficult, and switching from one to another, without 
breaking the television program right in the midst of the all-im- 
portant commercial, is an engineering problem, but one which 
can certainly be worked out. 

Another type of communications satellite is the “‘active re- 
peater” (Fig. 11). This system does not use a passive reflective 
surface in orbit. The active repeater type has some advantages 
but also some disadvantages. These satellites would be in the 
magic 24-hr orbit over the equator, three of them equally 
spaced, maintaining station and pointed towards the Earth. 
The technique of communicating to the other side of the Earth 
would be as follows: the originating station broadcasts to the 
satellite with very-high-frequency radio communication, it is re- 
peated (transponded) back to the Earth to another antenna, 
then up to another satellite and back to the Earth and the link 
is complete. 

Video bandwidths are certainly possible but satellites of this 
type will be relatively heavy, 800 to 3000 Ib; they may or may 
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Fig. 10. One-hundred-foot diameter inflatable satellite. 


not be able to get by with solar power alone. Electronic reli- 
ability will, of course, be at a premium. 

To round out briefly the discussion of satellite applications I 
must at least mention navigation and geodetic satellites. Navi- 
gational satellites give us the opportunity of all-weather naviga- 
gation on the ocean with accuracies of a mile or better, and 
hence are of interest to us. Geodetic satellites enable us to tie 
together for the first time, the detailed mapping network be- 
tween the U. S. (North American Continent) and Europe. This 
country has not been able to make that tie, so in order to im- 
prove the accuracy it seems desirable to use the geodetic satel- 
lite. From a scientific point of view there are itaportant implica- 
tions in the accurate determination of the detailed shape of the 
Earth (which is not spherical nor elliptical, but slightly in the 
shape of a pear) and also in the determination of the gravita- 
tional anomalies within the Earth’s crust. This information will 
have important implications for studies of the structure of the 
Earth and its formation. 


MANNED SPACE FLIGHT 


The next area of discussion is Man’s flight into Space. This 
area has received the most public attention and, in fact, Project 
Mercury, designed to put man into orbital flight around the 
Earth, is top priority program within NASA. The overall pro- 
gram of man’s space flight encompasses considerably more than 
Project Mercury. Actually it begins before Mercury with the 
X-15, which is designed to go several thousand miles per hour to 
altitudes in excess of 100 miles, and extends beyond Mercury to 
orbiting laboratories and lunar flight. 

Some day it is likely that we will be able to land on the Moon 
a man with scientific instruments, but realistic planners do not 
hold out great hope for doing this within the near future. 


Fig. 11. Active re- 
peater—24-hr orbit. 
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Interplanetary flight is even more visionary; we study it, we 
plan for it; we conduct research in that area, but you may be- 
lieve that this is in the far-distant future. Project Mercury is 
what we have now, and it is exciting enough in its own right. 

Figure 12 shows the Project Mercury ballistic capsule. It is 
relatively small and as simple and light as possible. It has a care- 
fully chosen shape with the blunt face forward to create a very 
high drag configuration. In this way the kinetic energy of the 
satellite, in re-entering the Earth’s atmosphere with velocities of 
25,000 ft/sec will be dissipated in the form of pressure drag 
rather than friction drag. If this were a very slender, stream- 
lined body, the only way it could slow down to a respectable ve- 
locity is by skin friction, which generates heat and would rap- 
idly burn it up. We have discovered that this shape can survive. 

Recently we had a successful “Big Joe” shot with one of these 
on top of an Atlas. A malfunction of the Atlas caused the vehicle 
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Fig. 12. Project Mercury ballistic capsule. 


ome in with a high angle of attack resulting in a high-ampli- 
oscillation; but nevertheless it survived the most severe 
try any vehicle has yet survived. The damage was nominal 
ilmost exactly that which could be predic ted theoretically, 


were very encouraged. A man could have survived that 


istronaut will be seated In a cou¢ h whi h cushions him 
the accelerations of 8 times gravity (8 g) which he experi- 
during launch and re-entry. In an extreme emergency 
uver, such as failure of the booster somewhere during the 
hing trajectory, he could experience as high as 18-g de- 

on, but could still come through no worse for weat 
The pilot will not merely go along for the ride. He can do 
hings such as monitoring instruments, navigation, retrorocket 
ignition and controlling the attitude of the vehicle. Although 
the vehicle is stable during most of the re-entry, it is not stable 
he entire speed range and must have automatic stabilization 
damp the oscillations. ‘The pilot is a back-up to this equip- 
it is, he can override it or countermand its automatic 
s if he so chooses. When a vehicle gets down to about 
the speed of sound, a drogue parachute opens to 
» the oscillations which occur there, since the vehicle is not 
that speed. Later one of two parachutes opens and 

vers the man into the ocean where he awaits pickup 

Incidentally, during the “Big Joe’? shot the capsule was 
d up several hundred miles short of its goal; this was an 


rgency situation and there was virtually no delay in getting 


Figure 13 indicates the launching trajectory. The capsule sits 
top of an Atlas vehicle, and on top of the capsule is a set of 
mergency escape rot kets If something goes wrong during 
ost, these emergency rockets can be used to carry the capsule 
clear of the Adas. The parachutes would then deploy and lower 
the man to Earth safely. This will even work in the event of a 
detonating-type explosion on the pad, which is one of the most 
hazardous situations that could occur. Another emergency 


d cur right after second-stage burnout. o1 just before that 
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if the man did not reach orbital velocity and had to come back 
in on somewhat of a ballistic trajectory, which is a very-high- 
deceleration trajectory. But he will be able to survive that also. 

In orbit, the capsule turns over face forward and is attitude- 
controlled during the flight. It will travel around the earth two 
to three times, according to plan, and somewhere between Ha- 
waii and the West Coast the retrorockets will be fired. They will 
slow the satellite down (by approximately 500 ft/sec as I re- 
call) and the satellite will begin a gradual descent, will re-enter 
the Earth’s atmosphere over the United States, and will descend 
to the ocean in the area of the Atlantic Missile Range. 

Figure 14 shows the probable trajectories. The launch is east- 
ward, over Africa. Tracking and communications stations are 
located all around the world, either in the form of ships at sea ot 
land-based stations: Africa, Indian Ocean, Australia, Far Pa- 
cific, Hawaii, West Coast, East Coast, Bermuda, Atlantic Ocean. 
Because the Earth rotates under the orbit, the orbit appears to 
shift to the westward, during each orbit, and on the third orbit 
the man is in position to come down in the recovery area of the 
Atlantic Missile Range. 

Figure 15 shows the three booster vehicles used in the Mer- 
cury program. Little Joe is designed to give the vehicle approxi- 
mately 4000 miles per hour, and tests out the capsule itself un- 
der maximum dynamic pressure conditions. The Redstone will 
be the first vehicle on which a man could fly, enabling a test of 
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Fig. 15. Project Mercury rocket flight test 
vehicles. 
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Figs. 16A and B, Advanced boosters. 


man and vehicle mated together on something less than orbital 
velocity. The Atlas is the only vehicle capable of putting this 
capsule into orbit and it will test out the MacDonnell capsule be- 
fore a man ever goes in it. The 3-orbit mission will be accom- 
plished with animals before it will be attempted with a man. We 
want to be sure that the man has the same probability of re- 
turning safely that he would have in flying any new type of ex- 
perimental aircraft. 


PROPULSION AND BOOSTER SYSTEMS 


Propulsion and booster rockets are vitally important; a large 
percentage of the money which is being invested in the space 
program is going into improving our capabilities in this area. 
The vehicles we have been forced to use this past year have not 
been designed to do some of the jobs we’d like to do. The only 
one of these vehicles really designed to do an orbital mission was 
the much-maligned Vanguard rocket, which is the most sophisti- 
cated of all in terms of pounds of payload in orbit per pound of 
vehicle. It actually was expected to achieve one satellite in orbit 
and out of the series it achieved three, which I think is better 
than most people realize. 

The Jupiter C, designed by the Army Ballistic Agency, used 
the Redstone and a cluster of solids; this was used to put our first 
satellite up. This system was improved by putting the solid 
package on top of a Jupiter rocket. The country achieved still 
better systems by putting the upper stages of the Vanguard 
rocket on top of the Thor and Atlas (The Able series) missiles. 
Even more successful and capable satellite boosters have been 
developed by the Air Force to launch the Discoverer satellites. 
These vehicles utilize a ‘‘Hustler’’ rocket in the second stage and 
give quite large payloads on top of the Thor and the Atlas (The 
Agena series). 

Four vehicles are under consideration for the future Space 
Program. The first two are shown in Fig. 16. (The Vega vehicle 
on the right has been cancelled since the delivery of this talk 
and will be replaced by the Atlas Agena for some missions and 
the Centaur for others.) The Centaur is shown on the left side of 
Fig. 16A. The first stage is the same as that of the Vega, or 
a modified Atlas. A new second stage uses liquid hydrogen and 
oxygen, which gives a much higher specific impulse than con- 
ventional propellants. This system will have from 50 to 100% 
greater payload capability than the Vega and on it we base great 
hopes for the 1962-1965 period. 

Figure 16B shows even more advanced systems — one is the 
Saturn rocket being developed by the Army Ballistic Missile 
Agency. This system utilizes a cluster of eight ICBM-type en- 
gines which give in excess of a million pounds of thrust. The 
second stage has been conceived of as a modified Titan ICBM. 
The third stage hopefully will use liquid oxygen (LOX) and 
hydrogen and the fourth stage will be new. This vehicle has 
greatly increased capability. I am not at liberty to discuss pay- 


loads of this vehicle but you can pretty much scale up payloads 
in proportion with the initial thrust, so this may carry four 
times as much payload as the Centaur. 

NASA has contracted with Rocketdyne to develop a 1 mil- 
lion- to 14-million-pound-thrust single-rocket engine using con- 
ventional fuel. This large engine is envasioned for clustering into 
a system of four or more first-stage engines. This gigantic vehi- 
cle would have on its second stage, a single million-pound-thrust 
engine; the third stage would use a new LOX-hydrogen engine; 
the fourth stage, a new LOX-hydrogen engine, and the fifth 
stage would also be a new engine. This vehicle will take years 
to develop, will be a very expensive undertaking and hence will 
be the subject of considerable review. But this vehicle would be 
the first one which could land two men on the Moon and bring 
them back without staging in orbit. ‘To accomplish this mission 
with a vehicle of the million-pound size would require multiple 
staging in Earth orbit before launching off into a flight to the 
Moon and return. Which technique will ultimately be used to 
best advantage is not yet clear. 


ADVANCED TECHNOLOGY 


I will conclude with a brief run-through of some of the more 
exotic systems which we’ve all heard about so far I’ve been 
talking about fairly conventional, albeit large, rockets. I want to 
go on now and say a word about the nuclear rocket, electric 
propulsion systems and energy sources. 

The nuclear rocket system is shown schematically in Fig. 17. 
It consists of a reactor with a fissionable material embedded in 
some material such as graphite or tungsten or some other 
high-temperature element. The fissioning material, by bom- 
barding the containing material with the fission products, gen- 
erates tremendous amounts of controlled heat. The heat is trans- 
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Fig. 17. Nuclear rocket components. 
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ferred to the propellant (probably hydrogen) as the hydrogen 
flows through it, and the fuel elements are thus kept cool. ‘The 
process of heating the hydrogen gives it tremendous velocity as 
it exits the nozzle. The efficiency of propellant utilization is di- 


rectly proportional to the velocity of the exiting jet and the nu- 


clear rocket can achieve payloads to Mars, for example, on the 
der of 5 times as great as the payload of a conventional chemi- 
cal rocket for the same initial takeoff weight. This is the reason 
for our tremendous interest in this vehicle 

Another system 
rent advanced research and development, is shown in Fig. 18. 


a competitor of the nuclear rocket in cur- 


[his is the so-called electric propulsion system. With this system 
electricity may be generated with a reactor or with a solar heat 
source combined with a conventional boiler and turbo-electric 
generator. This electrical power will be used to accelerate cither 
ions or plasmas to tremendous velocities, where specific im- 
pulses of 20,000 can be attained. However, there are large pen- 
alties which offset much of this advantage: they include the 
great weight of the reactor, the shielding, the electrical generat- 
ing equipment, and the enormous radiator required to dissipate 


waste heat. At least 80% of the energy generated cannot be 
used because of cycle efficiency of both the turbo-cycle and the 
electrical equipment. The large, thin radiator used to get rid of 
the heat may be half the size of a football fieid (on this illus- 
trated mission at least) and will be subject to penetration by 
micrometeorites. How do you detect these penetrations? How 
do you get close to a surface, which is certainly more than 1000 
F, to make repairs? The combination of high weight and low 
thrust results in longer round-trip times to the planets than with 
the nuclear rocket. We don’t know the answers to these problems. 
We are working now primarily on some of the fundamental 
physics associated with the generation of the high-velocity jet. 
[here remains much to be done. 

Energy sources is another area of advanced technology which 
is of great importance. Energy sources include nuclear, chemi- 
cal and solar. The chemical battery is useful primarily for short- 
life applications. The weight necessary for a chemical battery 
increases in direct proportion to the amount of time it is to be 
used. Since there is a continuing requirement for long life for our 
satellites and probes chemical batteries are usually ruled out as 
the sole source of power. Solar power is currently one of the 
favorites. Solar cells convert sunlight into electrical energy. 
These cells are not always in the Sun, but are sometimes in the 
shadow of the Earth so solar cells are supplemented with batter- 
ies. Also of interest is the collection of solar energy by large mir- 
rors which focus the radiant energy onto electrical generating 
equipment such as thermionic emitters, turbo-electric equip- 
ment, etc. 

Ihe nuclear systems become most attractive for relatively 
large amounts of power which would otherwise require huge 
mirror collectors or huge solar cell arrays. Because these situa- 
tions will eventually face us, such equipment is under active 
development. 


In attempting to review so many aspects of the National 
Space Program it has been necessary to treat some areas in too 
cursory a manner. For this I apologize. I conclude with the hope 
that each listener will find at least one facet of the program 
which will be stimulating and worthwhile to him. 
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Orbit D«termination From 


Optical Tracking 


Experiences with data from optical tracking instrumentation at the Atlantic Missile 
Range have shown that excellent satellite orbit determinations can be obtained 
from such data. Results are exemplified by tracking data on passes of satellite 1958 
delta one (Sputnik III rocket). Various methods of orbit determination are dis- 
cussed and applications of some of the simpler methods are illustrated. For short- 
comings found with existing equipment, specific improvements are recommended. 


O, Fripay, Octoser 2, 1959, there 
occurred a total eclipse of the Sun which 
was visible in the New England states, 
the North Atlantic, and North Central 
Africa. Figure 1 is a map of the path of 
totality and many of the other graphical 
features of the eclipse. It is noteworthy 
that the detailed mathematical computa- 
tions concerning this eclipse were made 
at least two years ago. Table I shows the 


Presented on October 6, 1959, at the Society’s 
Convention in New York City, by Douglas Duke, 
Advanced Research Projects Div., Institute for 
Defense Analysis, The Pentagon, Washington 25, 
D.C. 


(This paper was received on October 16, 1959.) 


computed times and positional data in- 
volved with the event. One can see the 
accuracy to which the computations have 
been made. Although made two or three 
years in advance, these computations are 
accurate to about a second of time and a 
mile or two in the position of the Moon’s 
shadow on the Earth. The effectiveness of 
these calculations demonstrates the power 
of the mathematical methods of computa- 
tion available to the astronomer. In 
situations where only forces of gravita- 
tion are involved, it is possible to make 
highly accurate predictions of positions of 
celestial objects far into the future. These 
computations are based completely on 


By DOUGLAS DUKE 


the laws of motion and gravitation set 
down by Newton almost three centuries 
ago. 

By properly calculating the gravita- 
tional attraction on an object by all other 
bodies which attract it significantly, one 
can determine the acceleration or change 
in velocity of the object, and hence, its 
future course. The eclipse calculations 
are an example of this. In this case the 
positions both of the Moon and the 
Earth relative to the Sun have to be pre- 
dicted with great precision in order to 
determine where the shadow of the 
Moon will fall with respect to the Earth’s 
surface. The fact that the Moon is 
significantly attracted both by the Earth 
and the Sun introduces complications 
quite severe in nature, necessitating much 
detailed calculation. This is an example 
of the famous 3-body problem which 
is very difficult mathematically. Another 
recent example of this is the lunar probe. 
During a considerable portion of its 
flight, a lunar probe would be simul- 
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Fig. 1. Map of Path of Totality; total eclipse of October 2, 1959. 
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lable I. Computed Times and Positional Data for Total Eclipse of the Sun.* 
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ravitation provides numerical relation- 


wton’s laws of motion 


hips a 


Dody 


bout the motion of the smaller 


relative to the larger which will be 


true forever, assuming that only forces of 


gravitation are acting For example, the 


wbit of the body will lie in a fixed plane 


which passes through the center of 


ivity of the attracting body, and its 


shape will be that of a conic section, that 


is, either an ellipse, parabola or hyy 
bola, depending upon the velocity of the 
body which is being attracted. In the 
case of planets and satellites, the path « 
be considered is always that of an ellipse 
Another derivable relationship states 
velocity of the body in its 


that the linea 


rbit is inversely proportional to its dis- 


tance from the attracting body. It is also 
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Government publication, | 
possible to derive a rather more in- 
volved relationship for the change of an- 
gular position within the orbit with time. 
Finally, one can show that for a given 
amount of mass in the attracting body, 
there is a unique relationship between the 
the 


attracting body and its period of revolu- 


distance of the orbiting body from 


tion about that body. 
The above statements suffice to inform 
in the general 


us as to what to expect 


sense. Since there are many features in 


‘which elliptical orbits differ from each 


other, such as size and shape, there is 
still 
what particular ellipse will be followed. 


the problem of determining just 


[t is therefore necessary to assign a unique 
set of orbit constants or orbital param- 
eters (as they are shown) to a particulat 
ellipse, setting it apart from any other 
possible ellipses 

lo begin with: since the orbit lies in a 
plane (Fig. 2), it is necessary to designate 
the particular orbit plane with respect to 
the coordinate system. One way in which 
this « ould be done would be to consider 


Figure 2 


Fig. 3. Ellipses of constant size, a; and 


variable shape, e. 


the perpendicular to the plane. Since 
this is a directed line in space, one could 
designate the direction of this line with 
respect to any coordinate system by desig- 
nating two angles, for example, an ele- 
vation angle and a longitudinal angle. 
This demonstrates that two parameters 
or quantities are necessary to fix the 
orientation of the plane in space. An 
alternate method, much more generally 
used, is to consider the inclination of the 
orbit plane to some reference plane such 
as the plane of the Earth’s equator. This 
angle is called the angle of inclination, 
and is one of the two quantities which 
must be designated. 

For a given inclination, it is possible to 
see in Fig. 2 that there are an indefinite 
number of planes which all have the same 
inclination angle to the reference plane. 
evident that their 
the reference 


However, it is also 
lines of intersection 
plane are different. Therefore, the sec- 
ond quantity necessary to fix the direc- 
tion of the plane in space is logically 
chosen to be the direction of the line of in- 
tersection. This line of intersection is 
known as the line of nodes and its posi- 
tion is designated by an angle from some 
reference direction in the reference plane 
to the line of intersection. The angular 
distance from the reference direction is 
called the right ascension of the node, and 
the reference direction is the direction of 


with 


the vernal equinox, which is that direc- 
tion from the Earth towards the Sun on 
the first day of spring. 
Now that have 
plane’s orientation in space, we 
designate the other parameters of the 
ellipse. To describe its size, we denote a 
quanity, a, which is the semimajor axis of 
the elliptical orbit or one-half of its maxi- 
Now for a given 


the 
must 


we determined 


mum extent (Fig. 3). 
semimajor axis, there is an entire family 
of ellipses of various shapes, ranging 
from nearly circular to extremely elon- 
gated shapes. The degree of elongation is 
given by the eccentricity of the elliptical 
orbit and is designated by small ¢. Re- 
ferring to Fig. 3, for an eccentricity of 
zero, one would obtain a perfect circle 
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euibtouce (node) 


Figure 4 


whose radius was the semimajor axis, a. 
As the eccentricity goes from zero to one, 
the ellipse becomes more elongated. 
When the eccentricity becomes one, we 
then have a parabolic orbit, in which case 
the motion about the object is not peri- 
odic or does not return. 

In Fig. 4, we see that an ellipse of 
fixed size and shape can lie in an infinite 
number of ways in the prescribed plane, 
and that there must be an added quantity 
which fixes the direction of its long axis in 
that plane. In the case of orbits about the 
Earth, this direction is denoted by a 
quantity known as the argument of the 
perigee, w, which is simply the angular 
distance along the orbit from the node to 
the perigee, that point in the orbit where 
it is closest to the earth. 

So far we have denoted five orbital 
quantities: two for the orientation of the 
plane in space, and three describing the 
size, shape and orientation of the ellipse 
itself. These five quantities suffice in the 
description of the geometry of the orbit. 
A sixth quantity is necessary, which is 
dynamical rather than geometrical in 
nature. At a 
orbiting body could be located at any 
place in the particular orbit. In order to 
must give 


particular instant, the 


remove this uncertainty, we 
the angular position of the body in the 
orbit at some referenced time; this time is 
called the epoch. 

With these six orbital parameters, one 
defines a unique orbit which is different 
from any other possible orbit. The prob- 
lem of orbit determination, therefore, 
resolves itself into the problem of deter- 
mining these quantities for any body in 
question. 

Since there are six orbital constants, it 
follows mathematically that only six ob- 
served quantities would be required for a 
unique orbit solution. These can be 
angles, distances, times, or any combina- 
tion of these to total six. However, if we 
select some exotic combination of angles, 
times and ranges, we might well run into 
a practical problem in mathematics 
which would be almost impossible to 
solve or at best might require tremendous 


Duke: 


amounts of computation. It is therefore 
advisable to consider what combinations 
of observations provide a solution with a 
minimum amount of effort. 


Easiest Determination of Orbit 

At the Air Force Missile Test Center, 
we have found that the easiest way to 
determine an orbit is to have three com- 
pletely specified geocentric position 
measurements 
angles measured from the center of the 
Earth, and a distance from the center of 
the Earth. The two angles were quite 
naturally chosen to be the latitude and 
longitude of the sub-satellite point (Fig. 
5). In this case it is possible to separate 


each consisting of two 


the solution for the orbit into two dis- 
tinct phases. This makes the overall prob- 
lem less complex. 

To begin with, we solve for the orbit 
plane. This is best done by taking the 
two end observations, that is, those which 
are the widest separated as to sub- 
satellite points. Since the intersection of 
the plane of an orbit around the Earth 
and the surface of the Earth itself must 
be a great circle on the surface of the 
Earth, all that is necessary is to pass a 
great circle through the two sub-satellite 
points and project it toward the equator 
until it crosses it. The angle at which this 
great circle crosses the equator can be 
shown to be equal to the angle of in- 
clination. In a similar fashion one de- 
termines the longitude of the point where 
the great circle crosses the equator. 

A knowledge of this longitude and the 
time at which the observations were 
made enables one to determine the orien- 
tation of the line of intersection of the 
orbit and equator planes, and, hence, 
We, there- 


fore, have then determined two of the 


the argument of the node. 


orbital elements. 
Ihe basic equation which is that of an 
ellipse in polar coordinates is 
a(i — é 


1 + ecos(@ — W) 


f= 


This equation relates the distance of 
the object from the center of the Earth, 


r; the semimajor axis, a; the angle of the 
body from the node in the orbit, 6; and 
the argument of the perigee, w. The 
angle @ can be easily obtained from the 
latitude and longitude of the sub-satellite 
point. Therefore, there are three un- 
known quantities in this equation, a, ¢ 
and w. Any observed point for which r 
and @ are known gives one numerical 
relationship between the other three 
unknowns. It is therefore evident that 
three such observed points enable one to 
solve a set of simultaneous equations for 
the three unknowns. Hence, the neces- 
sity in this method for three observed 
points in space, each of which is desig- 
nated by latitude and longitude and the 
distance from the center of the Earth. 


Other Methods 


There are other methods of deter- 
mination which may be used. For ex- 
ample, perhaps the most simple method 
is the case in which position and velocity 
are known at instant of time. 
This is a case where merely six quantities, 


some 


namely three for the position coordinates 
and three for the velocity components 
suffice to determine the orbit without 
unusually difficult computations. How- 
ever, accurate measurements 
through the use of optical equipment 
are not readily obtainable, so that this 


method is not of as great value as the one 


velocity 


previously described. 

It is also possible to determine the or- 
bit, given only two geocentric positions 
and the time difference between the two 
positions. This, however, leads to mathe- 
matical difficulties. Those who have 
dealt with problems of arcs along el- 
lipses know that the determination of 
such arcs involves elliptical integrals, 
which are difficult to handle. Similarly, 
problems concerning the position of the 
body in the elliptical orbit as a function of 
time mathematical difficulties. 
Since it is unlikely that to obtain three 
geocentric positions (or more than three) 
will be more difficult than two geocentric 
positions, there is little to be gained by 
considering only two positions and using 


cause 


the more difficult solution. 

Other methods are possible, but they 
all suffer from the necessity of compli- 
cated computational requirements. An 
example of note is where three widely 


Orbit Determination From Optical Tracking 11 





separated observations of azimuth and 
elevation angle from only one station are 
obtained. This is almost identical to the 
purely astronomical problem of deter- 
mining the orbit of a planet or comet 


from three widely separated observations. 
It is, perhaps, the most difficult case to 
solve, but it merits attention due to the 
requirement for only one observational 


station. It should be added that due to 
the nature of the solution, the observa- 
tion must satisfy certain conditions if a 
good solution is to be obtained. Merely 
obtaining any three sets of observations 
at random will usually not suffice. 


Obtaining Observational Data 

It seems fitting at this point to discuss 
the need for obtaining observational data 
on the same object on as many nights as 
possible. It was noted above that mathe- 
matical development of Newton’s laws 
calls for an object retaining a stable orbit 
whose parameters remain constant in- 
definitely. This statement is exactly true 
only when two mass points attract each 
other gravitationally, with no other 
bodies present and no other forces 
operating. There are several reasons why 
these conditions are not obtained for a 
satellite or for a planet, so that changes in 
the orbital parameters do occur. Some 
of these changes can be computed with 
considerable accuracy, but there are 
others whose origin is uncertain. For 
example, if the Earth were a perfect 
sphere, it would then attract a satellite as 
if all of its mass were concentrated at its 
center. In other words, it would attract 
as a mass point. However, the well- 
known flattening of the Earth’s poles, 
and the corresponding equatorial bulge 
provide an attraction near the Earth’s 
surface which is slightly different from 
that of a hypothetically spherical Earth. 
Chis results in small steady changes or 
perturbations in two of the orbital ele- 
ments. The argument of the node and the 
argument of perigee change steadily. 
\s one gets farther and farther away 
from the Earth these effects diminish 


Figure 6 


rapidly, but for satellites in the present 
era they are quite important. They do 
not, however, cause great difficulty 
since the Earth’s size and mass distribu- 
tion are fairly well known, and once an 
orbit is established these perturbations 
can be accurately computed for some 
distance into the future. 

Recent satellites have shown that our 
knowledge of the density of the upper 
layers of the atmosphere and the resulting 
drag on the satellite passing through these 
layers is not at all well known. The effect 
of atmospheric drag is to diminish the 
period of revolution of a satellite and to 
decrease the size of its orbit. 

Since this drag does not take place 
equally over the entire orbit, but mainly 
at perigee (the point closest to the Earth), 
it also changes the shape of the orbit or 
the orbital eccentricity. The tendency is 
to make the orbit more and more cir- 
cular. The uncertainty, due to drag, in 
the period of revolution makes it impos- 
sible to project the future course of the 
satellite’s period of revolution. For this 
reason, we cannot make predictions 
which are reasonably accurate for low 
satellites for more than a week into the 
future. 

There also appear to be certain other 
effects whose causes are as yet uncertain. 
There is considerable evidence that at 
times of maximum solar activity, either 
corpuscular radiation or electromagnetic 
radiation from the sun causes changes to 
occur in the upper atmosphere which in- 
crease the drag effect of the atmosphere 
on the satellites. It is for these reasons, 
therefore, that it is not sufficient to obtain 
a determination of an orbit once and 
only once, and use it indefinitely for 
prediction purposes. One must obtain 
continuing observations in order to keep 
up with the changes of the orbit. Only in 
this way can one make valid position 
predictions for further observations or for 
discrimination among various objects. 

It has been shown above that the 
easiest method of obtaining an orbit is 
by the use of three completely specified 
geocentric positions in which the range 
from the center of the Earth is included. 
Since it is not possible to obtain range 
directly through optical means, this 
must be obtained by triangulating the 
intersection of simultaneous lines of sight 
from two widely separated stations. In 
order to obtain this intersection locus 
with accuracy commensurate with the 
accuracy of the optical instrumentation, 
a proper choice of station separation or 
of baseline is necessary. If the baseline is 
too narrow (Fig. 6), the angle of inter- 
section between the two rays will be 
quite oblique and there will be censider- 
able uncertainty as to the exact radial 
position of the intersection and hence its 
space coordinates. To obtain accurate 
results, the angle at the intersection 
should be greater than 60°. That is, as 
seen from the satellite, the stations should 


be angularly separated by at least 60°. 
This requires that the baseline separation 
between the two stations should be about 
twice as large as the height of the satellite 
above the Earth’s surface for optimum 
results. 


The Problem of Baseline 

At the Air Force Missile Test Center, 
we were faced with a baseline difficulty. 
We had found that the best compromise 
between accuracy and possibility of ob- 
taining rapid results lay in the use of the 
Askania Cinetheodolite network or com- 
plex.* Unfortunately, although seven of 
these existed on the range, all were 
located in a relatively small area around 
the Cape Canaveral launching area. It 
was therefore impossible to obtain a 
baseline of proper length for high posi- 
tional accuracy. On extremely low satel- 
lite passes, those below 200 miles, some 
useful triangulated data were obtained 
but their accuracy was considerably less 
than that desired. Due to their ready 
visibility, the Sputnik rockets could easily 
be tracked at slant ranges up to 2000 
miles. Obviously, a baseline of 10 to 20 
miles in length, the maximum obtainable, 
was completely impractical here for 
any determination of slant range. It was 
therefore impossible to obtain accurate 
geocentric positions at these great ranges. 

An excellent method of attacking this 
problem occurred to us. It is not difficult 
to visualize that the higher a satellite is 
above the Earth’s surface, the wider the 
region above the Earth from which it can 
be seen (Fig. 7). A satellite which is 400 
or 500 miles high and which has a period 
under two hours in revolution can there- 
fore be seen above the horizon at a place 
on each of two successive revolutions. 
If the observing station is properly 
bracketed by these two, the possibility 
then arises of using only one observing 
station and utilizing the translation of 
the observing site due to the Earth’s 
rotation to produce the necessary base- 
line. Since the Earth rotates in 24 hours, a 
point on its equator travels the 25,000 
miles at a rate of a little more than 1000 
miles per hour. Therefore, a satellite 


* See, for instance: A. H. Schendel, “Optical 
tracking instrumentation,” Jour. SMPTE, 67: 
237-241, Apr. 1958. 
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which has a period of, say, 90 minutes will 
successively cross the equator at points 
about 1500 miles west of the previous 
crossing. For satellites 500 miles or more 
from the Earth, observation at points 
separated by 1500 miles provides excel- 
lent geometry for determination of the 
intersection points on the orbit. 

However, it is most important that in 
the selection of the data to be used for 
triangulation, angles to corresponding 
points of the orbit be properly chosen for 
pairing together. This is accomplished by 
observing the time when the satellite 
crossed the east-west line on each of the 
two revolutions. Differencing of the two 
times gives the period of revolution. By 
triangulating angular positions sepa- 
rated by this time difference, namely the 
period of revolution, it is certain that 
corresponding points of the orbit will be 
involved. 

In the computational scheme the 
angular amount by which the Earth 
rotates during the time the satellite 
makes one revolution is computed. The 
angles from the second revolution are 
handled as if the longitude of the ob- 
serving station were smaller than the true 
longitude by this same amount. The re- 
sulting situation is the same as if there 
were two tracking stations, both at the 
same latitude but widely separated in 
longitude. After final reduction, one ob- 
tains a triangulation of the full geocentric 
path of the satellite on its first revolution. 
[his method was checked extensively 
early in 1958 on Sputnik IT, and excellent 
results were obtained. 


Experience With Sputnik III 


On May 15, 1958, Sputnik III was 
launched. As was the case with the two 
earlier Sputniks, the carrier rocket was an 
object of large size, and hence easily 
visible to the unaided eye. However, in 
the case of this object, launching occurred 
at such a time that the orbit orientation 
carried it over the continental U.S. 
shortly after sunset that same evening. 
rhis produced an excellent situation for 
visibility from the surface of the Earth 
with sunlight reflecting brilliantly from 
the object, whereas the sky at the ob- 
serving site was quite dark. Additionally, 
the particular portion of the orbit which 
lay over the U.S. was fairly high, so that 
the possibility of visibility during two 
successive revolutions presented itself. 
We were quite successful in obtaining 
data on the first revolution, since the 
carrier rocket passed at a very high 
elevation angle and was only about 600 
miles distant. 

The second pass occurred about 106 
minutes later. The observing site was 
then located almost 1500 miles farther to 
the east relative to the orbit. The satellite, 
therefore, passed overhead at a point 
that much farther west from the ob- 
serving station, and so, its elevation angle 
on this revolution was quite low and its 
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Table II. Orbital Points for Sputnik III. 

Supplement: Theodolite Station 1.20, 
Combination of A and B (ist and 2nd 
Pass); Test 1112-15 May 1958; Sputnik 
III—1958 Delta I, Epoch 2000. 


Height 
Latitude Longitude (Statute 
(deg) (deg) mi) 


476.00 0567 70.8990 618.99 
477.00 0144 70.8883 619.03 
478.00 9567 70.8486 620.46 
479.00 8937 70.8189 621.25 
480.00 8418 70.7967 621.93 
481.00 24.7912 70.7760 622.18 
482.00 7424 70.7481 622.60 
483.00 24.6980 70.7268 622.18 
484.00 24.6523 70.6983 622.67 
485.00 5961 70.6773 623.33 
486.00 24.5437 70.6512 624.76 


code ) 





Table III. Derived Orbital Elements— 
Sputnik III Rocket. 


May 15, May 17, 
1958 1958 


Period... 105.799 105.707 

min min 
4604.1 4601.7 

mi mi 
Eccentricity. . . 0.1112 0.1103 
Right ascension 

node 11.74° 
Argument perigee 58. 44° 
Inclination... . 65.25° 


Semi-major axis 


6.72° 
57.45° 
65.25° 


slant range rather large. However, its 
great size and brilliance enabled us to 
pick it up at a slant range of some 1500 
miles. It was then tracked almost all the 
way down to the horizon. 

Determination of the period was made 
as described above, and triangulation of 
the points attempted. Table II shows the 
considerable degree of success in this 
tr'angulation. In it are tabulated the 
latitude and longitude of the sub-satellite 
point, and the height above the Earth’s 
surface as a function of the number of 
seconds after 8:00 P.M. E.S.T. One can 
see the steady progress of the rocket 
southeast and the rapid increase in alti- 
tude as it headed towards its apogee 
which was then located in the Southern 
Hemisphere. 

We chose only two of these points for 
use in the mathematical solution for the 
orbit. The reason that this was possible 
was that one of the orbit parameters was 
already known, namely, the period of 
revolution. We were therefore able to 
dispense with one of the points as un- 
necessary. The results obtained for the 
orbital elements are shown in Table III. 

On May 17 we again succeeded in ob- 
taining data on two successive passes, 
and the same typeof reduction was made. 
Comparison of the two sets of data shows 
that the argument of the node has de- 
creased. The argument of perigee has 
also changed, but by a smaller amount. 
Both changes were nearly those expected 
from theoretical considerations. The 
eccentricity of the orbit had also changed 
but only slightly. In addition, one can see 
the expected decrease in the satellite’s 


period of revolution due principally to 
atmospheric drag. 


Conclusions 


It is felt that these examples of orbit 
determination from optical sightings 
demonstrate the relative ease and de- 
pendability of optical equipment for such 
purposes. Due to these past accomplish- 
ments, the Air Force Missile Test Center 
is in the process of installing theodolites 
of the same type on down-range stations 
so as to be able to achieve longer baselines 
for simultaneous triangulation in those 
cases for which two successive revolutions 
cannot be observed. 

In addition to successes, there also 
appeared certain shortcomings which 
were obvious in our use of the theodolites. 
The 35mm photographic film required 
removing, transporting, development, 
reading and digitizing of the angles, all 
of which cause a considerable delay. In 
many cases, the importance of the results 
made it desirable to have them almost 
immediately. This requirement will in- 
crease in the future. 

It therefore seems obvious that some 
better method of data readout is neces- 
sary. Probably the best solution is to 
digitize the output of the theodolite axes 
in a manner similar to the method used 
with most radars. The results can then be 
fed directly into a computer which can 
accomplish real-time position determina- 
tion and, as a backlog of information is 
built up, real-time orbit determination. 
Of course, the accuracy of this informa- 
tion will be no better than the ability of 
the operators to point their tracking 
telescopes at the target, since the infor- 
mation obtained will merely be that of 
the pointing direction of the instrument 
rather than the direction to the target. 
What is needed over and beyond mere 
digitizing of the optical axis position 
angles is a real-time ability to determine 
a tracking error. There does not appear 
to be any reason why the image plane of 
a third collimated telescope could not be 
scanned by TV technique in order to 
determine displacement of the object 
from the center of the field. This dis- 
placement could also be obtained by a 
fine-grained mosaic of light-sensitive 
cells in the focal plane. Either method 
should produce (with suitable hardware) 
a digital tracking correction which, when 
added to the digital readout of the point- 
ing direction of the instrument, would 
result in digital values of the position 
angles to the target. Only in this way will 
it be possible to construct a real-time 
optical orbit determination system. 

Finally, a most important shortcoming 
of the theodolites is that of acquisition 
difficulty. The great size and brilliance of 
the Sputnik carrier rockets and the Atlas 
rocket made them easily visible to the 
unaided eye, and therefore easily ac- 
quired by the theodolite operators. The 
smaller American Explorers and the 
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Sputnik III nose cone present much more 
difficult targets. Much data has been lost 
due to their lesser brilliance to the un- 
aided eye and the corresponding diffi- 
culty of seeing the object and lining it up 
in the tracking field of view. The field 
of view of most tracking telescopes is 
about three or four degrees in diameter. 
With the rapid changes in the orbital 
parameters described above making pre- 
dictions uncertain, and with the tum- 
bling motion that often occurs in satellites 
resulting in rapid changes in brilliance, 
we have found that it is almost impossible 
to acquire any of the smaller satellites in 
the field of view and achieve track. It is 
imperative, therefore, that a much wider 
field acquisition optical system be sup- 
plied. What is necessary is a field of the 
der of 20 or 30° with very little mag- 
nification and great light gathering 
power. In ordinary optical telescopes, 
these conditions cannot be met simul- 
taneously. For example, exceedingly low 
magnifications which are necessary for 
obtaining very wide fields of view result 
in severe light losses so that the limiting 
magnitude will be severely curtailed 
[here are several approaches that 
come to mind to remedy this situation 
One of these is electronic image enhance- 
ment whereby the light losses will be 
made up electronically. Another possible 
method is the use of fiber optics to con- 
dense the real image produced by the 


objective down to a size that could be 


easily viewed by the visual eyepiece. 
Resolution would be badly limited by 
this method, but all we are looking for is 
detection capability, and as long as a faint 
moving point of light could be detected 
by this arrangement, it would be suffi- 
cient. 

The solutions offered above would 
merely ease the difficulty of acquisition 
under ordinary dark or nearly dark con- 
ditions. Principal criticisms of optical 
tracking are twofold: first, it is limited by 
the weather; second, it is limited severely 
by the background radiation of the day- 
time sky. From the Earth’s surface there 
is little one can do to get around the 
problem of obscuring clouds and haze 
other than site location in a favorable 
climatic area. However, it is felt that 
some progress may be possible along the 
filters and image enhance- 
ment to optical tracking to 
occur at least during times of bright 
twilight and possibly during times of low 
Sun elevation on clear days. If this were 


lines of 
enable 


possible, observation sites in dry locations 
with little cloud cover should be quite 
appropriate for obtaining large amounts 
of tracking data. 

At the Advanced Research Projects 
Agency, it is felt that every attempt 
should be made to determine whether or 
not the use of electronic techniques and 
devices can facilitate the use of optical 
tracking instrumentation. Electronic in- 


strumentation is exceedingly powerful 


Image Sensing as Applied to 
Meteorological Satellites 


Earth satellites provide meteorology with an observing platform commensurate 


with the global nature of weather. One of the most promising satellite observations 


is of cloud distribution and type. Several image-sensing systems are being con- 


sidered, Cloud images, both day and night with a resolution of about 0.5 mile, 


are ultimately desired. Problems in sensing instrumentation, communications, 
processing and data presentation must be solved before an operational system 


becomes a reality. 


a | 
EK, 
VEN WITH THE RAPID advances in 


neteorological observations during re- 
ent years, only a small percentage of the 
Earth’s atmosphere is adequately probed 


b mventional meteorological observa- 


ns. Thus, large storms can reside 


ndetected for days in many desert, polar 
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and oceanic areas of the world. Even in 
areas having dense meteorological net- 
works small storms are probably often 
not detected. 

Conditions in the atmosphere in one 
region of the Earth may influence the 
subsequent weather conditions in a dis- 
tant part of the Earth’s atmosphere 
[hese atmospheric interactions, globai in 
nature, require an observing system which 
is global in scope. The artificial Earth 
satellite offers the meteorologist an ob- 
serving platform which will permit every 
point on the Earth’s surface and in the 


but it should be recognized that optical 
instrumentation is far less expensive than 
the corresponding electronic instrumen- 
tation and, in the general sense, more 
reliable. So long as the Sun continues to 
shine and to illuminate targets at the 
rate of hundreds of watts per square 
meter, the electromagnetic radiations 
received at the Earth’s surface from 
otherwise nonradiating satellites will be 
many orders of magnitude greater in 
optical frequencies than in radio fre- 
quencies. By proper utilization of tech- 
niques and methods at our disposal, we 
hope to make the maximum use of this 
optical radiation. 


Discussion 

S. Sternberg (RCA Astro-Electronic Products Div.) : 
With the use of two successful passes as a baseline 
determining instrument, what is the sensitivity 
to drag during this time or its compensation? 

Dr. Duke: There is little effect due to drag 
noticeable during one revolution of an Earth 
satellite unless its altitude is extremely low, in 
which case its remaining lifetime is only a matter 
of hours. While the ordinary effect of drag is 
important for uses of satellite position where 
the highest accuracy is required, such as geodetic 
work, this was not the case in our problem. 
To the accuracy to which we were working, the 
drag effect was of no significance. 

There is one point I did not mention in my 
paper for the sake of simplicity which is impor- 
tant and had to be taken into account. The 
gravitational attraction of the earth’s equatorial 
bulge causes the satellite orbit to  precess. 
Since the magnitude of this may amount to a 
considerable part of a degree during one revolu- 
tion of a satellite, it cannot be ignored. 


By DAVID S. JOHNSON 


Earth’s atmosphere to be observed at 
frequent intervals. 

The Earth’s weather is determined 
primarily by conditions existing in the 
lowest 40 miles of the atmosphere, far be- 
low usual satellite altitudes. Therefore, 
meteorological satellite observations so 
far suggested depend on some type of 
radiation measurement such as solar 
radiation reflected, and infrared radia- 
tion emitted, by the Earth and at- 
mosphere, or electromagnetic radiation 
emitted from a satellite and reflected 
back by the Earth and atmosphere. 
Many of these measurements involve 
image sensing. Indeed, the application of 
image sensing to cloud and precipitation 
detection appears to offer the best possi- 
bility for the first operational use of mete- 
orological satellite observations.!. Thus, 
considerable emphasis is being placed on 
the development of techniques for obtain- 
ing cloud images frum satellites at night 
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Fig. 1. Cloud mosaic obtained from a rocket flight southeast of Florida on Aug. 24, 1959. The camera was at an altitude of 300 to 400 


nautical miles when these pictures were taken. (Mosaic prepared by Missiles and Space Div., General Electric Co., Philadelphia.) 


as well as in daylight and on the use of 
radar to obtain images indicating areas 
of rain and snow.?; 


Image-Sensing Requirements 


To obtain global coverage at frequent 


intervals, Earth-oriented satellites in 
quasi-polar orbits are required, equipped 
with sensors which can provide useful 


both 


image sensors must view an area deter- 


information night and day. The 
mined in one dimension by the distance 
on the Earth’s surface at the equator be- 
tween adjacent orbits. For example, for 
a satellite at an altitude of 800 nautical 
miles, this distance is about 1730 nautical 
miles and defines an included angle of 
view of about 87 

It is difficult to define the resolution re- 
imaging for meteoro- 


quired in cloud 


logical applications. This is due both to 


“seeing” for target 


the problems ol 
identification and the variation in in- 
formation content required for different 


meteorologi al 


applications 

Target or cloud recognition is a func- 
tion of the relative contrast between the 
target and its background as well as the 
available illuminatior 


resolution and 


Clouds must be observed against a back- 
ground of the Earth’s surface. The reflect- 
ance or albedo in the visible part of thé 
spectrum for the Earth’s surface varies 
from as low as 3°%% for water with solar 


elevation angle greater than about 30 


to over 80% for a fresh snow surface 
Cloud albedo varies from less than 10% 


to more than 80% depending on cloud 


Johnson: 


type and thickness. Therefore, in many 


cases, the brightness contrast may be 


quite small and even zero in some 
cases. The effect of atmospheric scatter- 
ing on brightness contrast is discussed 
later. As the brightness contrast decreases, 
higher resolution is required for the eye 
to just identify a specific target. 
Resolution. Consider next the resolu- 
tions dictated by meteorological require- 
ments, assuming that all clouds can be 
distinguished from their backgrounds. At 
least three types of information are de- 
from cloud obtained by 


sired images 


satellites: first, the determination of the 
percentage of a given area covered by 
cloud; second, overall cloud patterns o1 
lines 
and third, 
the determination of cloud type by its 


orientations such as vortices and 


f 


»f clouds or cloud ‘“‘streets’’:; 
shape, size, texture and distribution. Each 
of these, to some degree, places different 
requirements on resolution. A reasonable 
measure of cloud amount, averaged over 
an area of at least several hundred square 
miles, can probably be obtained with a 
resolution as poor as two or three miles 
Cloud 


determined with reasonable certainty, in 


patterns or orientations can be 


many cases, with a resolution of about one 
to two miles. Better resolution may be re- 
quired where cloud elements are viewed 
at an oblique angle. Considerably better 
resolution will often be required to deter- 
mine cloud type 

Phere is, at present, considerable con- 
jecture in arriving at values of resolution 


required for meteorology. We are used to 
observing clouds by viewing them from 
recently that 
have had a 
large 
areas by means of rocket photography and 


below. It is only very 


research meteorologists 


downward view of clouds over 
we have yet to obtain useful cloud images 
Therefore, the 


ologist must gain new experience before 


from satellites meteor- 
arriving at any precise determination of 
the resolutions required in cloud imaging 
from satellites. 

Cloud photographs obtained from high- 
altitude rockets and missiles, such as the 
one shown in Fig. 1, are now being 
studied to define more precisely the reso- 
Preliminary — results 


lutions required 


indicate that with a reasonably high 


contrast ratio, a resolution of about 
one mile is adequate for many meteoro- 
logical applications. With a resolution of 
only two miles, some details are lost, 
although much valuable meteorological 
information is usually retained. Resolu- 
tions better than one mile provide addi- 
although the 


tional cloud information 


maximum desirable resolution has not 
been precisely determined. At present, 
it is believed that ultimately a resolution 
of at least one-half mile, not considering 
brightness contrast, is desirable 

The geometry of the object field enters 
into the determination of the system 
resolution. The satellite is viewing the 
Earth’s curved surface. As mentioned 
earlier, an arc on the Earth’s surface 
about 1730 nautical miles long normal to 


the satellite’s orbital velocity vector must 
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be included in the field of view from a 
polar orbiting satellite 800 nautical miles 
above the equator to obtain full coverage 
of the globe. To obtain the desired resolu- 
tion of one-half mile at the edge of the 
object field, 865 miles from the satellite 
sub-point, an angular resolution of about 
0.012° would be required. This angular 
resolution would give a linear resolution 
on the Earth’s surface at the satellite sub- 
point of 0.16 miles. 


Sensitivity. The sensitivity and dynamic 
range of image sensors is of considerable 
importance. The meteorological require- 
ment in this regard is simply stated: ““We 
all the clouds all of the 
However, it is quite difficult to 
convert this to meaningful engineering 
requirements. Several factors must be 
considered. For example, the type of 
image-sensing system is important, such 
as a system sensitive to reflected solar 
radiation as compared to one responding 
the infrared. The 
contrast between target and 
background is important as is the albedo 
and radiational properties of both the 
target and background. Scattering and 
attenuation in the atmosphere between 
the object field and the satellite must also 
be considered. 


want to ‘see’ 
time.” 


to self-radiation in 
range in 


Utilizing radiation in the visible part 
of the spectrum, the meteorologist ulti- 
mately would desire a sensor which could 
detect illuminated by 
even starlight. 


clouds when 
sunlight, moonlight, o1 
This 


incident 


represents a fantastic range in 
illumination. 

The radiation received by a unit area 
at the Earth’s surface decreases as the 
angle of incidence departs from normal 
due to the cosine law and the incident 
radiation having had a longer path 
exam- 


ple, the direct solar radition received 


through the atmosphere. For 
on a unit horizontal area at the Earth’s 
surface with a solar elevation angle of 
18° is about two-tenths that which would 
be received by the same area with the sun 
directly overhead. 

While atmospheric scattering reduces 
the amount of energy received by the 
satellite from the target, it also reduces 
the relative contrast between the target 
and its background. This is a particularly 
serious problem for targets located on 
the light 
reflected by both the target and the back- 


the Earth’s surface where 
ground are subjected to the same amount 
of scattering. In cloud identification the 
problem is not nearly as severe. The 
particulate quite 
rapidly with height above the earth’s sur- 
face. Most clouds have tops which are 


scattering decreases 


at least 5,000 ft above the Earth’s surface. 
\lso, in many cases, the cloud tops are 
associated with a temperature inversion 
which tends to limit the majority of the 
particulate matter to the atmosphere 
the Therefore, in 
general, the radiation reflected by the 


below inversion. 


cloud tops will be subjected to consider- 
ably less scattering than that reflected 
by the Earth’s surface. The effect of 
molecular, or Rayleigh scattering, can 
be minimized by filtering out the blue 
part of the spectrum. As a result, in 
most cases the relative contrast be- 
tween the clouds and their backgrounds 
should not be seriously reduced by 
scattering. However, particulate scat- 
tering will increase the effective albedo 
of the background. In the case of 
sensors depending upon solar radiation, 
the relative contrast can be increased by 
limiting the spectral response of the 
sensors. Some experimental evidence‘ 
suggests that a 0.2-y interval centered at 
a wavelength of about 0.654 would 
provide the optimum relative contrast, 
considering the wide variety of back- 
grounds, including oceans and vegetative 
matter, which will occur. Of course, 
limiting the spectral interval will require 
greater system sensitivity. 


Infrared. The previous discussion has 
been concerned with image sensors 
responding to radiation in the visible 
portion of the spectrum. Somewhat 
similar problems must be considered 
in the case of infrared image sensors. 
In this case, imaging depends upon 
differentiating the radiation emitted 
by clouds from that emitted by the 
background. The relative contrast is 
diminished by the radiation also emitted 
from the atmosphere. 

The amount of energy emitted by an 
object is a function of its emissivity 
and temperature. As an approximation, 
many clouds and the Earth’s surface 
can be considered blackbodies (emis- 
sivity of one). The difference between 
cloud top and Earth temperatures will 
largely control the contrast between the 
desired image and its background. In 
polar areas, low clouds are often warmer 
than the surface beneath while in tropical 
and temperate zones, clouds are generally 
colder than the Earth’s surface. On some 
occasions, there be no difference 
between the cloud top temperature and 
the Earth’s surface temperature. 

The atmosphere, particularly water 


may 


vapor, carbon dioxide and ozone, also 
emits radiation in the 5- to 30-u region. 


This radiation reduces the relative 
contrast between the cloud top and the 
underlying Earth’s surface. 

The image 
sensing are covered in more detail in 
a paper by Hanel and Stroud.® 


problems of infrared 


Cloud Image-Sensing Techniques 


Object Scanning. The simplest form of 
image sensing utilizes mechanical or 
object scanning induced by the motion 
of a spinning satellite. Such a system 
was used in the Vanguard II cloud 
cover experiment devised by Stroud and 
his associates. while at the U.S. Army 


> 


Signal Research and Development Lab- 
oratories.*? 

In this first attempt at image sensing 
from an Earth satellite an optics-sensor 
system was utilized having an included 
angle of view of one degree and sensitive 
to radiation between about 0.6- and 
0.8-4 wavelength. Two sensors were 
utilized pointing in opposite directions 
with their optical axes 45° from the 
satellite spin axis. As the spinning 
satellite moved in its orbit one of the 
two sensors would scan the Earth’s 
surface. With the proper spin rate and 
altitude the individual scan strips would 
be contiguous. The output of the 
sensors was amplified and the infor- 
mation stored on a magnetic tape re- 
corder for relay to the Earth when the 
satellite was interrogated by a ground 
station. 

For optimum results this system 
requires a nearly circular orbit, stable 
spin axis, and a spin rate determined by 
the angular resolution of the optics and 
the altitude of the satellite. In the 
case of the Vanguard II experiment the 
orbit was quite elliptical, the spin axis 
had large perturbations and the spin 
rate was considerably less than the 
design value. Therefore, even though 
the instruments worked perfectly, it 
has so far not been possible to reconstruct 
the data in the form of cloud photo- 
graphs. 

The basic simplicity of this system has 
considerable merit. It deserves further 
consideration when satellite motions 
can be precisely controlled. Alternatively, 
the system could be used by providing 
mechanical scanning on an _ Earth- 
oriented satellite where the satellite 
axis is normal to the Earth’s surface and 
there is no rotation of the satellite about 
this axis. However, considerably better 
resolution is desired than that used in 
the Vanguard II experiment. With 
the development of instruments with 
high sensitivity in the infrared region of 
the spectrum, this type of system offers 
promise for cloud imaging at night as 
considered by Hanel and Stroud.°® 

While a mechanical-scanning system 
simplifies the instrumentation in the 
satellite, it adds to the complexity on 
the ground. The scan information must 
be properly reconstructed in picture 
form and located with respect to the 
Earth’s surface. The data, to be of 
operational value in meteorology, must 
be rapidly converted to usable form 
after receipt on the ground. Particularly 
in the case of a spinning satellite, all 
of the orbital parameters would have to 
be known precisely ahead of time in 
order to meet this time requirement. 


Electronic Image Scanning. Some of the 
problems of the mechanical scanning 
system can be overcome by the use of 
electronic image scanning. An instanta- 
neous view of an area on the Earth’s 
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miles above White Sands, N.M. (Original photo by U 


of America.) 


surface can be imaged on the photo- 
sensitive surface of a_ photoconverter 
tube such as a vidicon or image orthicon 
and an electron gun used to scan this 
image plane 

While knowledge of the motions of 
the optic axi$S of the imaging system 
is still required to locate the resulting 
cloud picture with respect to the Earth’s 
surface, this need be done only once 
for each picture. In addition, informa- 
tion in the pictures themselves will 
assist in this location process This 
image-scanning system has the furthe: 
advantage that the pictures can be 
reconstituted rapidly after receiving the 
signals at the ground 

Figure 2 is a simulation of the type of 
picture which might be obtained with 
an image-scanning system. The original 
prepared from a 
taken at an 
altitude of about 80 nautical miles on 
a rocket launched from White Sands, 
N.M [The mosaic was scanned elec- 
tronically, 21-db 
noise ratio, and the resulting image 


cloud mosaic was 


series of photographs 


using a signal-to- 
displayed on a television monitor and 
photographed 


The spacing between adjacent scan 


Johnson: 


> * 


lines in the center foreground is equiv- 
alent to about one mile on the ground. 
Che distance between line pairs increases 
as one approaches the horizon, probably 
averaging more than ten miles in the 
upper part of the picture. Even with 
this resolution, many of the major cloud 
features are retained 

While Fig. 


solution which may be obtained from 


2 approximates the re- 


early meteorological satellites, improve- 
ments in sensors, data storage and com- 
munications should eventually permit the 
optimum coverage and resolution desired 
by meteorologists 

With present electronic scanning sys- 
tems we are limited to daylight oper- 
ation. However, recent laboratory results 
hold considerable promise for the ap- 
plication of high sensitivity, image- 
orthicon or image-converter tubes for 
nighttime use, at least with moonlight. 
Che possibility of high-resolution night- 
time cloud observations warrants their 
serious consideration for meteorological 
satellites 

Electrostatic 
serious problem in cloud imaging from 


Imaging and Recording. A 


satellites is the storage of the video 


data for subsequent playback when 


, a 


Fig. 2. Simulation of type of picture which might be obtained with image scanning, based on rocket photos taken at about 80 nautical 


S. Naval Research Labs., simulation by Astro-Electronic Products Div., Radio Corp. 


the satellite is within contact of a readout 


station. Magnetic-tape recorders are 
presently used on many satellites; how- 
ever, it is doubtful that this storage 
medium is practical for a system which 
would meet the ultimate meteorological 


requirement of worldwide coverage and 


a resolution of about } mile. Current 


laboratory work utilizing electrostatic 
tape as a storage medium indicates a 
promising solution to this problem. 
Also the electrostatic tape can serve as 
the photosensitive surface 

It appears that this electrostatic 
system, combined with a suitable optical 
system, can come close to meeting the 
ultimate in meteorological requirements, 
at least for daytime operation. The 
work of one laboratory in this area is 


reported by Hutter, Inslee and Moore.® 


Data Storage, Transmission and 
Processing 


While the primary subject of this 
paper is image sensing, the problems of 
storage, transmission and processing of 
the sensed information must be rec- 
ognized as they are of comparable 
magnitude to the problems involved in 
the image sensing itself. 


Image Sensing as Applied to Meteorological Satellites 17 





For example, a polar orbiting satellite 
at an altitude of 800 nautical miles, 
viewing a strip on the Earth’s surface 
1750 miles wide, with an angular resolu- 
tion of 0.012° both day and night, 
would result in approximately 10° 
bits of data being collected during one 
orbit. Since it is not practical to read 
out these data more frequently than 
once per orbit, all these data must be 


playback. A 


storage medium of high packing density 


stored for subsequent 
is required for compatibility with the 
size and weight limitations of satellites 
which will be available in the near 
future. A maximum of about 10 min 
would probably be available for the 
readout of these stored data, requiring a 
bandwidth of about 1.7 mc. 

After signals are received on the 
ground they must be processed rapidly 
and the cloud information located with 
respect to an Earth coordinate system 
so that the meteorologists can utilize 
the data. This is difficult to accomplish 
at present with the use of spin stabilized 
satellites generally in elliptical orbits 
The use of stabilized Earth-oriented 


satellites in circular orbits would simplify 


Image Sensors 


the picture location problem. It should 
even be possible to develop a nearly 
automatic system for processing and 
locating the cloud image data. 

Unfortunately, the readout stations 
usually are not located where it is 
desired to use the meteorological satel- 
lite data. Therefore, it is necessary to 
transmit this information to various 
points on the Earth where it is required. 
For example, the Weather Bureau’s 
National Meteorological Center is lo- 
cated in Washington, D.C. For full 
operational utilization of the cloud 
image data it will be necessary to 
transmit the information from the 
readout stations to this center. 

Initially, it probably will be necessary 
to have meteorological groups at each 
of the readout stations perform a pre- 
liminary analysis of the cloud pictures 
obtained. The results of these analyses 
could then be transmitted to various 
meteorological centers by either fac- 


simile or teletype. Ultimately, com- 


munication satellites may provide a 


means of transmitting the picture in- 
meteorologic al 


formation directly to 


centers for analysis. 


and Space Environment 


A brief description is given of the satellite environment. The constraints and 


deleterious effects of the environment on image sensors and sensing systems are 


evaluated. Environment-induced engineering modifications of the vidicon are 


discussed. 


i 
HE USE OF image sensors for recon- 


naissance and weather mapping has 
been accelerated with the advent of the 
satellite-space age. This is not an un- 
mixed blessing for the system designer, 
however. The space environment en- 
countered by satellites or space vehicles 
introduces constraints and hazards on 
the functioning of image-sensing systems 


for which he has little or no ¢ xperience 


Loss of Atmospheric Cooling 

As a starting point, consider the at- 
mospheric pressures at satellite altitudes 
Figure 1 indicates that at 200 statute 


miles, static pressures are in the order 
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of 2.6 XK 10-" psi or 1.3 X 10° mm 
mercury. For an orbiting satellite or a 
vehicle velocity of 26,000 ft/sec at this 
altitude, anticipated dynamic pressures 
are in the order of 10% psi or 5 & 1076 
mm mercury. 

The first problem area resulting from 
the reduced pressures at satellite altitudes 
results when inquiry is made into the 
heat transport capabilities of this at- 
mosphere. Figure 2 shows experimental 
data from a test we made on surface radi- 
ative properties. In determining whether 
we had a true radiation equilibrium, in- 
vestigation was made of the pressure de- 
pendence of the equilibrium temperature 
of the sample under test. The sample was 
in a vacuum chamber, with a liquid 
nitrogen temperature surround. A solar 
flux entered through an aperture. In 
thermal equilibrium the only term de- 
pendent upon the pressure is the at 
TO. = 

(p). Since no 


On 


mospheric transport, k(p) 
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further changes in equilibrium tempera- 
ture occur below pressures of 10~* mm 
mercury, it must be concluded that the 
atmospheric conductance had become 
negligible at this pressure. At satellite 
altitudes, however, the molecular tem- 
perature of the atmosphere is in the 
order of 2500 K. The conductance is 
proportional to the square root of the 
absolute temperature. The dotted line 
on the curve in Fig. 2 takes this factor 
into account. 

As a consequence of the reduced 
pressures, the atmosphere cannot conduct 
or convect heat between the thermal 
sources and sinks on the satellite. Ther- 
mal communication is limited strictly 
to radiative coupling and solid conduc- 
tion. Bonding terminals must be welded 
or conductively cemented to preclude 
vacuum gaps and consequent large 
thermal gradients. 

Defined operating temperatures for 
heat-dissipating components have no 
meaning since the “ambient air’? can no 
longer perform its cooling function. 

Consider an electron tube. Increasing 
the bulb temperature very drastically 
decreases its survival capability. With 
the loss of normal convective and con- 
ductive cooling of the air the bulb tem- 
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Fig. 1. Altitude dependence of pressure. (C. F. 
Hansen, ‘Some characteristics of the upper atmos- 
phere pertaining to hypervelocity flight,’ Jet Propul- 
sion, Jour. Am. Rocket Soc., 27: 1151-1156, June 1957. 


Fig. 2. a/€ experiment vacuum dependence; 
P, threshold of conductance at 80 C; P,’ 
effective threshold of conductance at 2500 K. 
a = solar absorptivity; € = thermal emis- 
sivity. (Gary D. Gordon, RCA, August 20, 


1959. 


perature must rise appreciably and the 
tube life is jeopardized. Present designs 
call for performimg the required cooling 
function by therinal shields which make 
good contact with both the bulb and 
structural members of the satellite 


Corona Discharge (Arc-over 


[he breakdown potential (see Fig. 3) 
for a gas of atmospheric composition 
drops 300 v for a product of pressure p, 
and gap distance d, equal to ~0.6, 
where f is in mm Hg and d in cm. At 
satellite altitudes this product, pd, is so 
small as to pose no problem. In the 
ascent, however, conditions may be 
realized wherein arc-over could occur 
Considerations, therefore, relative to the 
ascent phase, must include the possi- 
bilities of reduced voltages, encapsula- 
tion, or initiation of operation after 
orbit has been obtained. This phenome- 
non of arc-over can be experienced the 
hard way, painfully. It never fails but 
that someone puts a high-voltage equip- 
ment into operation before pulling a hard 
vacuum rather than vice versa. 
Explosive Decompression 

Explosive decompression may occur 
in component containers in which an 
arbitrary pressure is maintained, when 


(VOLTS) 


POTENTIAL 


BREAKDOWN 





by micrometeorites will create an out- 
ward rush of air with possible deleterious 
effects on component supports. 

In some cases it may be advisable to 
employ dessication in lieu of hermetic 
seals for ground-handling humidity prob- 
lems. 


Boiling and Leakage Through Seals 
Boiling points of liquids at the pres- 
sures associated with satellite altitudes 
will be greatly lowered. At temperatures 
to be encountered, many fluids will boil 
and seep out of their containers. This 
effect may be enhanced by differential 
thermal expansion with consequent 
loosening of seals and gaskets. The condi- 
tion of zero gravity at low pressures adds 
the complication that escaping fluids will 
continue to move in the direction of their 
escape. Loss of heat transfer medium 
(by micrometeorite puncturing of pres- 
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the external pressure drops sufficiently. Fig. 3. Characteristics of the breakdown potential. (J. M. Meck and J. D. Craggs, Elec- 
In addition, puncture of the container trical Breakdown of Gases, Oxford University Press, 1953 
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sidering as possible surface coatings for 
satellite thermal control and for thermal 
protection of the silicon solar cells used 


i] 
J fa” SPECTRAL REGIONS F RADIATION TESTS, 


for power generation on satellites. 
' Figure 4 shows the spectral regions, the 
dosages applied, and the types of ma- 
terials investigated. It is of interest to 
note that a full spectrum analysis must 
be made since it was found, in several 
cases, that materials showed effects in 
only one of the three regions, and these 
; were not in the same region for different 
MATERIALS TESTEL / materials. The dosages for the ultra- 
SILICATES 2 violet and x-ray tests are effectively a 
PLASTICS os year’s input of the radiation belt maxi- 


PAINTS ° . ° ° 
. mum intensity. A typical result which has 


DOSAGES . - : : P ° ° 
interest for image sensors 1S shown in 





CO gn ~ Ox 05 ROENTGENS 
X-RAYS xi0® ROENTGENS 


2537A - 47 


Fig. 6. On the right is a control glass 








slide not irradiated. On the left is a 
C ergs/A 





x 

Tr plastic-coated slide irradiated by an 

) o* . 800,000-roentgen dosage of a Co-60 
4 . ° 

2x ev source. The radiations are gamma rays 


Fig. 4. The solar spectrum above the Earth’s 
atmosphere. (Gast, AFCRC Handbook of Geo- 
phy for Air Force Designers, 1959, Chap 16 


surized containers) may cause compo- 
nents to reach temperatures’ which 
vould result in malfunctioning. 

\ typical example, which has been 
studied at our installation, arises in 
connection with the use of antifriction 
bearings for rotating members. Unde 
normal atmospheric conditions it is pos 
sible to use conventional ball bearings lu . : A. : 1 - = lee “4 
ricated with low-temperature and low- ,000 ALTITUDE IN THOUSANDS OF MILES 





volatility oils. At reduced pressures, how 
ever, this presents an insurmountable 
problem of outgassing, not only through 
the loss of lubricant, but much more in 
the poisoning of emissive elements and 
he coating of optics present in the same 


velope 


Solar Radiation 


Figure 4 indicates the solar spectrum 
ibove the Earth’s atmosphere which Fig. 5. The general character- 
fairly closely approximates that of a istics of the radiation belt. 

00 K blackbody. Of greatest interest 

ms of radiation damage to materials 
ultraviolet and x-ray region. The 
region constitutes approxl- 

the total solar emission 

1e solar photoemission 

Van Allen Radiation 

ron and/or proton fluxes 

is now believed to be solar in 

The general characteristics of the 

belt are shown in Fig. 5. The 

fer to counts of high-energy 

cles per sq cm per steradian per sec 
Latest satellite probes are revising up- 
wards both the intensity values and the 
extent of the belts. The maximum flux 
occurs in the soft x-ray region of 50- 
kev electrons; the higher-energy par- 
ticles lie beyond 75 mev in the energy 
spectrum. With the aid of Signal Corps 
facilities we conducted radiation damage 


tests on materials which we were con- 


Fig. 6. Results of a Co-60 radiation test. 
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Figs. 7A and B. Simulated micrometeorite bombardment of a glass and a Lucite disc with steel particles. (From the work of T. C. 


Poulter, Stanford Research Institute.) 


of 1.1 and 1.3 mev. It can be seen that 
both the glass and the plastic have 
browned under the radiation and, as 
would be expected from the penetrating 
gamma rays, the browning is a volume 
effect (the thicker the material the greater 
the browning). 

Unfortunately, this was common slide 
glass: lens glass was not tested. If a 
particular glass does exhibit browning 
per unit thickness, then the multiple- 
lens system of camera optics, using such 
large total 


glass, should suffer very 


losses in transmission 


Solid Particles 


Meteors having masses greater than 
1 wgram can penetrate skin thicknesses 
of 0.040-in. 
Smaller micrometeorites will sandblast 


aluminum on_ impact. 
a surface, and hence, will create changes 
in surface optical and radiative properties 
which will change equilibrium tempera- 
ture distributions on the satellite 
Evidence to date on meteorite distri- 
bution at satellite altitudes appears to 
fluctuate widely. Microphone impact 
measurements on the 1958 a, y, and 
on the 1959 Paddle Wheel satellite 
show a mean flux rate of 10~* to 107? 
particles/sq m sec with diameters greatet 
than 3y. Russian data, on the other hand, 
seem to indicate counts of 90 to 100 
particles/sq m sec with diameters of at 
least 10u. This is 10,000 to 100,000 times 
greater than the American measure- 
ments indicate. Recently, however, there 
is indication that the Russian data have 
been revised downward to a much closer 
agreement with the American data. A 
second type of measurement of micro- 
meteorite activity is the grid-wire experi- 
ments, wherein a grid wire is ruptured 
when an impact from a micrometeorite 
larger than a preassigned diameter is 
received. For Explorer I (1958) not 
more than one (and perhaps none) of 
the wire gauges were broken during the 
lifetime of the telemetering § system. 
For Explorer III no grid wires were 
broken between the launch date 3/26/58 
and 5/6/58. Between 5/6/58 and 5/7/58 
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two grids were fractured. It is perhaps 
advisable at this point to quote from 
the Jet Propulsion Laboratory’s External 
Publication No. 538: 


‘This occurrence was followed by an 
interesting series of happenings. On 
May 8 and 9 erratic behavior was 
observed in one of the _ telemetering 
channels on the low-power transmitter. 
After 0415 G.M.T. on May 9 no signal 
at all was observed from this transmitter. 
During May 10 and 11 the Minitrack 
receiving stations indicated intermittent 
operation of the high-power transmitter, 
and after May 11 no further signals were 
received for several days. After a period 
of a few days both transmitters returned 
to operation. However, the low-power 
transmitter carried no telemetry signal, 
and the operation of the interrogated 
beacon was intermittent. 

“The coincidental failure of these two 
transmitters is curious. The two units 
operated quite independently with sepa- 
rate circuitry and separate power supplies. 
It was expected that they might have 
similar lifetimes, but failure of both 
within one or two days of each other 
simply from coincidental power failures 
is not very likely. 


“One other item of information must 
t 


now be introduced. All of the micro- 
meteorite data before this time were 
taken in a period of normal background 
activity. No meteor showers were en- 
countered. However, the shower Eta 
Aquarides, which has been associated 
with Halley’s Comet, occurs during the 
early part of May, reaching its most 
intense activity on about May 5. It is 
therefore very suggestive that the fracture 
»f two wire gauges and the very nearly 
coincident failure of two independent 
radio systems followed within a few days 
of the predicted time of this meteor 
shower. It is reasonable to speculate that 
some sort of internal damage was caused 
by impact of meteorites.” 


More information came from an 


IRBM sent up in May, 1959. Here there 


were 8 grid wires positioned on each side 
of the payload. The telemetry signals 
were functioning quite normally when 
suddenly within a few seconds all 8 
grids on one side were fractured. The 
fluctuations in reported micrometeorite 
activity thus appears to be the actual 
state of affairs rather than measurement 
errors. 

Figures 7A and 7B 
results of work by Stanford Research 
Institute in bombarding a Lucite and a 
glass disc supplied by RCA with steel 
particles, ranging in size from less than 


indicate the 


3 uw to 25 w, with velocities in the order 
of 18,000 ft/sec. The surface of the glass 
disc is badly shattered with a resultant 
25% decrease in transmission, whereas 
the Lucite has absorbed the particles 
and re-formed around them with negligi- 
ble transmission loss. 

It is not meant to imply that bombard- 
ment shown here constitutes the mass 
and velocity distributions of micro- 
meteorites in space, but rather that the 
qualitative damage effects are dependent 
on the hardness of the object undergoing 
the bombardment. The extension of these 
results to camera optics is obvious but 
the solution is not. Substitution of plastic 
lenses would probably create more 
problems from radiation and outgassing 
than would be solved in terms of micro- 


meteorite damage. 


Dissociated Gases 


At satellite altitude, the constituents 
of the atmosphere are dissociated. Atomic 
oxygen will react with heavy metals 
such as iron, copper and silver, and with 
many organic materials. Consideration 
should therefore be given to the avoid- 
ance of materials that do not form 
adherent oxide layers. In cases such as 
electrical contacts, where oxide formation 
is intolerable, the use of noble metal 
coating or atmospheric shielding is 
indicated 

Atomik 


problem only 


(nascent) nitrogen poses a 


where exposed metals 
are at high temperatures. 
At satellite altitudes, the concentra- 
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Fig. 9. Thermal characteristics for a particular satellite nearing 


completion. 


Fig. 8. Typical satellite in orbit showing radiant-heat inputs 


and internal heat generation. 


tion of ozone is negligibly low and does 


not constitute a hazard 


Induced Environments 
The 


which result from the action of the space 


major induced’ environments 


environment on the satellite are the 
following 
1) Acceleration and shock, 
») Vibration, 
Zero gravity, 
+) Thermal 


and 


[he first two categories are not 


isolated to the satellite environment 
Che equipment designer is likely to have 
had experience with problems resulting 
and vibration. For 


from acceleration 


the sake of brevity these will not be 
included in this discussion. 
Zero gravity 


problems. A 


orbit, 


presents new types ol 


nonspinning satellite, in a 


cular must present a force-free 


nvironment to its mass elements and 


iis presents problems to the designer, 


few of whi h are 


Air bubbles will not bat- 


ries and thus 


rise in 
will contaminate the 
ylates 

b) Direction-sensitive devices, pump- 
dependent on_ hydraulic 


that 


ing devices 


heads, equipments will operate 


orientation, and 


fluid 


oniyv in a given any 


device working on level will not 


operate prope! ly 


c) Clearances in __ spring-mounted 


equipment will change 


Thermal Problems 


Figure 8 shows a typical satellite in 
Che 


internal heat generation are indicated 


orbit radiant-heat inputs and 


January 1960 


To obtain the thermal distribution 
a fairly complex problem in heat conduc- 
tion with radiation boundary conditions, 
difficult 


considerations, must be solved 


geometrical 
Without 
going into the details of the calculation, 


confounded by 


the results for a particular satellite which 


is nearing completion are shown in 
Fig. 9 

This 
thermal 
half-year of the life of the 


Che pertinent thermal features, which 


predicted dynamic 
through the first 
satellite 


shows the 
distribution 


apply in general to all satellites whose 


thermal controls are purely passive, 


that is, have fixed-surface radiative 
properties and fixed internal conduction 


and radiative coupling, are 


arbitrary 


(1) Any 


obtained by 


mean temperature 
can be the appropriate 


choice of surface-radiative properties 
relative to the mean radiation inputs 
to be encountered. 

(2) The orbital day-to-night variations 
in temperature of the interior package 
can be made negligible by increasing 
the effective thermal mass (the product 
of the thermal masses and the thermal 
them), and by 


surface absorp- 


conductances between 
employing the lowest 
tivities consistent with a given desired 
The latter 


practiced, however, since any errors in 


ratio technique is not 
the determination of the emissivity when 
the emissivity is small can produce large 
variations in the mean temperature. 

(3) The long-term variation in interior 
package temperatures, except for very 
special orbital configurations, will be 
at least 20 C. (Note that for the particular 


satellite indicated in Fig. 9 the long-term 


variation in temperature is roughly 45 
to 50 C and hence approaches uncom- 
fortably close to the temperature toler- 
ances of many electronic components.) 
This last factor is the major point for 
this digression into the thermal aspects 
of an Earth satellite. 
the table in Fig. 10. Here is an ideal 
spherical  satellit: cornpletely 
uniform exterior coating. The payload 
is shielded thermally by radiation baffles 
to smooth out completely temperature 
variations of the exterior surface. Internal 


It is best seen in 


with a 


heat generation is assumed to be uni- 
formly distributed and of such magnitude 


“/e CONSTANT 
OVER SURFACE 

s——>- RADIATION 

BAFFLES 


Fig. 10. Temperature dependence on 


fractional Sun time. 


Max 
Max. % change 
Minimum change in 
fractional in flux payload 
Suntime per orbit temp.* 


Altitude, 
miles 
300 62 30 
400 637 29 
500 652 27 
1000 706 24 


C 


NN & Ww 


Note: Direct solar radiation taken as 0.8 of 
total radiation input. 


* Temp. for 100% Sun period taken as 


320 K. 
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Fig. 11A. Experimental test model of the 
radiation heat controller. 


as to reach the desired interior tempera- 
tures when the satellite is receiving the 
mean radiation. It is also assumed that 
during the time that the satellite sees the 
Sun, the total radiation input from all 
sources is constant. Hence, the only 
variation remaining is the change in the 
received flux over an orbit due to the 
changing ratio of the duration of the 
orbital day to orbital night induced 
by the orbit precession. The table on 
the figure indicates that the payload 
of a satellite in a circular orbit at 300 
miles must still undergo a 27-degree C 
change in temperature under ideal con- 
miles this 


ditions. At one thousand 


variation is still above 20 C. 

Any change in the a/e (a, effective 
solar absorption; e¢, effective thermal 
emissivity) ratio of the surface, whether 
it be due to original errors in measure- 
ments, deterioration of the surfaces un- 
der radiation and micrometeorite bom- 
bardment, ground handling or deposi- 
tion, will cause a excursion 
from the mean temperature. For this 


ideal vehicle the change is of the order 


greater 


of 10 C per change of 0.1 in a/e ratio 
To this 
thermal 


point satellites with only 


passive controls have been 
discussed. For the designer of equipment 
with limited temperature tolerances, this 
could represent an insoluble difficulty. 
Most of the operational failures of satel- 
lites in orbit have been credited to 


improper temperature regimes. For- 
tunately, however, there are develop- 
ments in progress at many laboratories 
on active thermal control systems which 
will reduce the thermal problem. One 
such system which is being developed by 
our group is a variable a/e device. 
Credit should be given to Sputnik II 
(they did it first), and to Dr. R. Hanel 
of NASA, who showed the authors his 
version. 

Figure 11A shows an experimental test 
model of the radiation heat controller. 
The prominent features are a pie-shaped 
segmented wheel coated alternately by 
a very high a/e material (SiO-Al-SiO- 


Ritter 


and Mesner: 














E FRACTION OF SOLAR CONSTANT 
© — FRACTIONAL EXPOSURE OF WHITE SURFACE 


Fig. 11B. Graph of radiation heat con- 
troller action under large variation in 
the radiation input. 


Al) and a low a/e material (Rokide, 
Al,O;). The temperature sensing actuat- 
ing device is a bimetallic spring which 
drives a shutter to control the relative 
exposure of the black and white sur- 
faces. The graph shown in Fig. 11B 
indicates the capability of the device 
to maintain a_ reference 
under a large variation in the radiation 


tempe rature 


input. A variation in radiation input of 
16 to 1 produces temperature changes 
of less than + 5° in the interior of the 
device. By way of comparison, the 
equivalent device employing fixed sur- 
faces would experience a temperature 
change of several hundred degrees 
centigrade for such a large variation in 


radiation input. 


System Reliability 


System reliability is an important 
additional consideration in satellite de- 
sign. It should not be attributed to the 
environment per se. The satellite is not 
the place for a good system to break 
Maximum 
built into the system, but only at the cost 
weight, 
capacity, etc. Trade-off’s in these factors 


down. reliability can be 


of size, power, performance, 
must be made all along the line. 

A prime technique for obtaining reli- 
ability is to provide completely redun- 


dant systems from power supplies, 


CONDUCTOR LAYER 


TRANSPARENT 


control clocks, sensors, to amplifiers, 


recorders, transmitters and antennas. 
A less obvious technique is to provide the 
capability for each system to operate in 
several reduced functional modes in case 
of failure of components. 

Engineering modifications induced by 
the space environment of a forthcoming 
satellite under current development 
include pressurized containers for tape 
recorders to insure that the lubrication 
of the silicone greases is preserved. 
Glass coatings of the solar cells are used 
to reduce their effective a/¢e from 2.5 
to 1. This is done both to maintain the 
operating temperatures of the solar cells 
and to prevent the interior payload from 
overheating. Various components are 
encapsulated to-reduce failure rates from 
shock and vibration. Heat sinks for heavy 
heat dissipators such as transmitters are 
used to prevent local overheating. 


ce OA a Nn 
hee se 


Fig. 12A. Vidicon camera system. 
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Fig. 12B. Schematic of the vidicon sensor. 
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Fig. 13. Temperature characteristics of the vidicon. 


Environment-Induced Modifications 
of a Satellite-Borne Vidicon 


Che final portion of this discussion is 


il nited to the effec ts ol the Spat e environ- 


ment on an important image sensor, the 
vidicor 

The vidicon is a_photoconductive 

television pickup tube which was initially 

designed to operate at a 1/30-sec frame 

a television type of presentation 

‘n found that the vidicon 


o be used at greatly reduced 


iw rates, a feature which makes 
the reduction of bandwidth and, 


possible 


consequently, a similar reduction in 
| ured transmitter power! Since powe! 
1 premium aboard any of the spac: 
this feature is of utmost impor- 
Figure 12A shows the vidicon 
stem The more obvious fea- 

the optics and the clock-con- 

relay shutter The vidicon is 
Figure 12B 


matic of the vidicon sensor 


in the top dome 


idicon system with magnetic or 
static storage capabilities makes 
ssible the use of a shutter for image 


bilization. This feature is required 


stabilized (spinning) vehicles, 
to a somewhat lesser degree, 
uutude stabilization where it is 
to stop the motion due to 
correction. For a satellit spin- 
rpm, an exposure time of 1.5 
sufficient to reduce smear to 
a picture line out of the 


Translational smears 
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are negligible for fields of view greater 
than one degree 

Compared to other TV sensors the 
vidicon is the least sensitive to adjust- 
ment of electrode voltages and may be 
initially adjusted with reasonable assur- 
ance that further incremental readjust- 
ments will be unnecessary 

The ruggedization of the vidicon has 
been a problem in tube structure design 
The sensitive elements (see Figure 12B 
fine-mesh 


are the filament and the 


screen which must be stretched! across 
an aperture of approximately picture 
size. Ruggedized vidicons of both the one- 
inch and the one-half-inch size have been 
constructed, the latter being able t 
withstand a shock of 100-g and 25-g 
rms) random noise vibration 

As far as 


experiments designed to measure vidicon 


radiation is concerned, 


reaction to radiation have proven to be 
negative. This places the vidicon in a 
satisfactory position in competition with 
film systems 

[he manner in which the quality is 
deteriorated as a function of faceplate 
temperature may be noted in Fig. 13 
Here are plotted sensitivity, dark current 
and lag or “stickiness” vs. temperature 
The reduction of sensitivity at the tem- 
perature extremes ultimately means a 
poorer signal-to-noise ratio. The increase 
of lag at low temperatures indicates 
that the time required for erasing any 
residual image from an exposed picture 


after initial readout will be appreciably 


increased. Hence, data capacity could be 
degraded. The increasing current vs 
temperature causes the useful dynamic 
range to be compressed with consequent 
loss in picture contrast. 


Summary 


In summarizing, it should be pointed 
out that the component designer must 
not only redesign sensors to preclude 
deleterious effects due to the environ- 
ment but, more broadly, he must con- 
sider the constraints due to the satellite 
itself. The system designer, on the other 
hand, faced with a choice of several 
sensors possessing desirable characteristics 
to perform a given function, must re- 
evaluate such sensors not only in light 
of the direct effects of the environment 
on the operating characteristics, but also 
in terms of the logistics aboard a satellite 
and the influence of the environment on 
the logistics. The mere act of placing a 
system aboard a satellite, at least at the 
present time, imposes problems as formi- 
dable as those engendered by the space 
environment. 

Consider a typical example. Suppose 
a system is sought to afford daylight 
reconnaissance from a satellite for an 
possible 


extended period. Of several 


systems, photographic systems would 


yield the highest resolution. This is a 


paramount consideration for reconnais- 


sance. However, the film storage problem 
due to radiation and thermal fogging, and 
the presentation problems, of either 
recovering dropped packages or satellite 
film development and facsimile trans- 
mission, can seriously vitiate the advan- 


tages of its greater resolution. 


Discussion 


J. Goldheimer (ARPA Station, RCA): In talking 
about antifriction bearings and the effects of 
loss of lubricant, contamination of the surround- 
ing areas, etc., do you have any data on what 
sort of partial pressures will be necessary to 
avoid this effect? 

Ur. Ritter: 1 don’t have the data. This comes 
from some work that was done by Mr. May- 
barduk of our Division. The factors of tempera- 
ture, degree of evacuation and specific vapor 
pressure all influence the rate of loss of lubricant 
hence there is a considerable variation in the 
rate of outgassing of the many available lubri- 
cants for any specified set of conditions. It is 
perhaps advisable to point out that most emissive 
elements require vacuums harder than those 
permissible to preclude outgassing and hence 
separate envelopes for emissive elements should 
be used in these cases 

Mr. Staton (RCA-AEP 
tion, could you tell us a little bit about the 


In relation to radia- 


relative susceptibility of the image orthicon to 
radiation as compared to other pickup tubes? 
Ur. Mesner: The image orthicon would be in 
essentially the same position with respect to 
radiation as the vidicon. There is a little dif- 
ference between a photoemissive and a photo- 
conductive device, but as far as we know this 


difference is actually very small. 
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Infrared Imaging From Satellites 


Infrared images of the Earth’s surface and atmosphere obtained from a satellite 
are important to the study of the meteorology of the Earth, and present unique prob- 
lems in systems design and in image conversion techniques. The known and in- 
ferred infrared properties of the Earth are the basis on which detector systems and 
the sensors themselves may be considered for satellite use. The improvement of 
sensor spectral sensitivity and response time will make possible better experiments 


and studies of the atmosphere in the future. 


a IMAGE of our planet in the in- 


frared, as well as in the visible spectrum, 
is of special interest to meteorologists 
since the weather, taking place in the 
atmosphere, can be inspected from a 
point of view well above the subject. Air 
masses may be identified and many of the 
characteristics such as temperatures, 
clouds, composition, and water content 
may be determined by infrared measure- 
ments from above the air mass. 

Infrared radiation, invisible to the 
human eye, ranges between red and 
microwaves in the electromagnetic spec- 
trum. An infrared image is essentially a 
color picture of an enormous variety of 
different shades and colors, inaccessible 
to our eyes. An image of this colorful 
world translated by our instruments into 
black-and-white is all we can hope for. 

Since the average temperature of our 
planet does not change appreciably over 
a period of a few years, incoming solar 
radiation and outgoing thermal radiation 
must balance. The amount of reflected 
sunlight, the albedo, has been deter- 
mined by various methods. One is the 
measurement of the ‘“‘Earth shine’ re- 
flected by the Moon; 
computation from measured and com- 


another is the 


puted values of the reflectivity of clouds, 
ocean and land areas. An average value 
of 0.36 has been accepted, yielding 250 K 
as the blackbody temperature of our 
planet (Fig. 1). 


Presented on October 6, 1959, at the Society’s 
Convention in New York City, by R. A. Hanel 
(who read the paper), and W. G. Stroud, God- 
dard Space Flight Center, National Aeronautics 
and Space Administration, 1520 H St, NW, 
Washington 25, D.C 

(This paper received first on September 9, 1959, 


and in final form on November 12, 1959.) 
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Fig. 1. Heat balance of the Earth. 
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Observation of Atmosphere 


Unfortunately for a simple theory, but 
very fortunately for life on Earth, a 
rather complexly composed atmosphere 
covers the surface we live on. The albedo 
varies with atmospheric conditions, 
especially the cloudiness. Of course, the 
latitude also determines the amount of 
absorbed solar energy. The long wave- 
length thermal re-radiation is strongly 
influenced by water vapor and cloud 
distribution. The constantly changing 
weather is accompanied and_ largely 
caused by radiation exchange. A satel- 
lite outside the atmosphere is an ideal 
platform to observe the energy budget of 
our planet, especially its atmosphere. 
Observations can be made on a global 
basis. If the resolving power of our in- 
strument is low, yielding average values 
over 100,000 square miles, for example, 
measurements are called heat balance 
experiments. If the resolving power is 
much better, 30 by 30 miles, for example, 
the term infrared image of the Earth is 
more appropriate. To understand and to 
interpret such an infrared “picture,” the 
infrared properties of the atmosphere 
shall be examined here. 

Gases making up the air mass show a 
high number of weak and strong absorp- 
tion lines ranging from ultraviolet (ozone, 
oxygen, nitrogen) to the far infrared 
Normally, 


atmospheric absorption is plotted versus 


(water vapor, CO», ozone). 


wavelength but it is much more instruc- 
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live to use energy increments as shown 
in Fig. 2. The abscissa is proportional to 
the energy available from a 300 K black- 
body. 

Now it becomes quite clear why CO» 
(concentration in the atmosphere 
0.033%) and water vapor have such an 
influence on the temperature and cli- 
matic conditions of the Earth. Water 
vapor and CO, act as gigantic radiation 
filters between the surface and outer 
space. Similarly, clouds are tremendous 
shutters, shielding large parts of the 
Earth from solar radiation and prevent- 
ing thermal radiation from escaping to 
outer spac e, 

These 
energy proportional to their own tem- 
perature in exactly the same spectral 
bands they absorb. A satellite-borne in- 
frared system, sensitive to the water- 


filters and shutters radiate 


vapor absorption bands only, “‘sees’”’ the 
top of the vapor layer, a fact which may 
be used to measure the temperature 
and humidity of the upper limit of the 
troposphere. A detector, sensitive to the 
‘““window,” sees through the moist air 
and can measure ground or cloud top 
temperatures. Since clouds are generally 
cooler than the Earth’s surface, an in- 
frared image in the 8- to 12-4 region may 
yield a nighttime cloud cover picture. 
Thus, infrared maps of the Earth taken 
at various spectral bands provide useful 
information to meteorologists and geo- 
physicists. 

In preparation is a meteorological 
satellite project which will incorporate 
the use of infrared sensors. Besides tele- 
vision cameras for daytime cloud cover 
and a low-resolution heat balance ex- 
periment, the satellite will scan the earth 
with medium resolution of about 30 by 
30 miles in five spectral regions. Those 


regions are: 
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Fig. 2. Atmospheric transmission. 
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experiment. 


About 


radiation falls into this spectral band 


c ri 
to 5-u 99% of solar 


- to 40-y [his channel measures 


the blackbody temperature 
8- to 12-u Ihe atmospheric window 


ields surface temperatures as well as 


day and night cloud cover 


to 7-u Strong water vapor ab- 


sorption characterizes this channel 
to 0.75-u A reference close to 

1¢ spectral response of the eye and to 
near intro- 


duced 


interpretation of the other channels and 


infrared photography was 


It should be very helpful in the 


will also vield davtime cloud cover 


It is common technique in the field of 
idiometry to compare radiation to be 
blackbody of 


satellite this 


measured to a reference 


known temperature. In a 
would require quite an effort to stabilize 
the temperature of such a reference con- 
sidering the limited power available. A 
satellite-borne radiometer, however, can 
use outer space as a cold reference if 
Sun, Earth, and 


field of view 


Moon are not in the 
This approach has been 


chosen in the meteorological satellite 


mentioned above. One out of the five 


channels, being part of the scanning ex- 


periment, is shown in Fig. 3 
Che disc chopper, half-reflecting, half- 
from the 


absorbing, switches radiation 


scan beam and the reference beam alter- 


nately to the detector. Consequently, 
the alternating voltage generated at the 
detector is proportional to the energy 


difference between the two beams 


['hermal radiation from the chopper disc, 


tl nd the lens does not contribute 


1¢ filters < 
io the alternating signal since they are in 
the field of view all the time. Proper lens 
and filter materials have to be chosen t« 
accommodate the various spectral ranges 


\. Kaufman from 


Company 


R. Astheimer and 
Barnes Engineering made a 
substantial contribution to the develop- 
ment of the radiometer head 
The signal from the detector is con- 
verted and finally stored on magnetic tape 
by means of a specially designed miniature 


When the 


a readout station the 


high-fidelity tape recorde: 
satellite passes ovet 


information is telemetered back to Earth. 
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This instrument is an 
the spot-scanning technique. The con- 


Nipkow disc 
tele- 


example of 


cept corresponds to the 


scanner in the days of earliest 
vision and picture telegraphy. We used 


Vanguard II The 


detector-optics are fixed with respect to 


it on the satellite. 
the spin axis of the satellite, and as the 
satellite spins the optic views the Earth 
in line-by-line consecutive sweeps. On 
the ground the lines are reconstructed 
into a picture 

For worldwide coverage some means of 
storage within the satellite must be pro- 
vided, otherwise an unreasonable number 
of telemetering stations, scattered over 
A variety 


of systems capable of infrared imaging 


the whole world, is necessary 


can be visualized 


Techniques of Scanning and Detecting 


Che function of the mechanical scannet 
and the detector can be performed by an 
image-conversion tube and an electronic 
scan system, at least in the near infrared 
and visible part of the spectrum (Fig. 4) 
[he vidicon is such an image converter; 
it is used in a meteorological sate!lite 
to show cloud distributions during day- 
light hours 

Ihe next step would be to incorporate 
the storage function in the tube. Imaze- 


storage tubes for signal frames or even 


for a number of frames may replace in 
time the mechanical scanner and the 
tape recorder, eliminating most of the 
moving parts in the satellite itself. Un- 
today re- 


fortunately, the method is 


stricted to the near infrared. In the most 
interesting part of the spectrum, from 5 
to 50x, spot-scanning techniques prove 
to be the best approach for gathering an 
image of the Earth 

I'wo types of single-element detectors 


ire commonly used, thermal detectors 


nd photoconductors. The first category 
depends on the heating power of in- 
frared radiation, in contrast to the latter 
being based on the freeing of bound 
electrons by quantum absorption 
Photoconductors show highet sensl- 
tivity and better signal-to-noise ratio in 
From about 8u on, 


the near infrared 


thermal detectors are superior. Recent 


developments in the field of doped ger- 
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Fig. 4. Infrared imaging systems. 


manium crystals, however, seem to shift 
the limit to longer wavelength. 

A number of other factors influence 
the choice of detector. Time constant is a 
consideration for high-speed scanning 
systems as well as for cooling require- 
ments. Photoconductors, especially those 
for longer wavelength, require a very 
low operating temperature (—195° C 
liquid nitrogen, for example) and even 
lower, depending on the cutoff wave- 
length. On the other hand, in outer space 
a type of cooling rather ineffective at the 
Earth surface can be used cooling by 
radiation. A body of 
shielded from the Sun, Earth and Moon 


high emissivity, 
will adjust itself to an equilibrium tem- 
perature in the order of 50 to 150° K de- 
pending on the thermal isolation from 
the main satellite. From here on, the in- 
the Peltier 
effect, can be used to lower the tempera- 


verse thermal electric effect, i.e 


ture further. 

A relatively simple low-power cooling 
system capable of holding the infrared 
detector at a constant temperature below 
80° K over a period of six months will be 
needed to make full use of long wave- 
length photoconductors in satellites. 

Many refinements over instrumenta- 
tions such as these will be made in the 
future. The resolving powers of infrared 
systems of the scanning type as well as 
the image-forming must be im- 
proved. Developments in this field must 


type 


conform with progress in the area of in- 
formation storage and communication 
capabilities. For example, four times the 
information bandwidth is required just 
to double the resolution. 

Very promising aspects will be opened 
by increased spectral resolution. For ex- 
ample, a method of determining the tem- 
perature profile of the atmosphere based 
on a spectral analysis of the 15-4 CO» 
band has been proposed. 

Stereoscopic pictures, taken by the 
same satellite only a few seconds apart, 
may yield cloud altitudes and will aid in 
the interpretation of cloud types. 

In time, infrared imaging devices de- 
veloped as special tools for meteorologists 
and geophysicists will help to advance 
our knowledge of climatic conditions and 
other planets 


physical properties. of 


within our solar system. 
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Pictorial Data Transmission 
From a Space Vehicle 


Space communications are essentially line-of-sight transmissions complicated by 
nonstationary terminals and the literally astronomical distances involved. Severe 
limitations on available power and weight restrict transmitter power, and there- 
fore narrow bandwidths for transmission of pictorial data are required. These 
unique conditions underlie certain problems and possible solutions. 


M ANY OF THE PROBLEMS Of communi- 


cation with a space vehicle are not in 


themselves unique because they are 


primarily line-of-sight communication 
The combination of these problems re- 
lated to space-vehicle communications 
is, however, rather unusual, and possible 
solutions to meet both present and future 
requirements are of interest to both the 
communication and television engineer 
Major literally 


astronomical distances involved; non- 


problems include the 
stationary terminals which may be mov- 
ing many tens of miles per second relative 
to each other; and bandwidth restric- 
tions consistent with the power restric- 
tions. These areas are closely related in 
that efficient use must be made of the 
available bandwidths with modulation 
schemes that do not necessitate overly 
complex equipment. There are also the 
apparently conflicting requirements that 
the equipment must be very reliable as 
well as light in weight and small in size 


Design Considerations 


One of the first considerations is that 
of choosing a carrier frequency For 
space communications, a frequency high 
enough to penetrate the ionosphere must 
be used. There is a great deal of man- 
made noise below 30 mc, as well as cos- 


mic noise at higher frequencies. At 
higher and higher frequencies, the noise 
continues to drop until, between 10 and 
20 kmc, 


the wate1 vapo! 


the noise level again rises due to 
Figure 1 illustrates the 
noise temperatures and their sources. 
From the graph it may be concluded that 
frequencies for communications purposes 
must be between approximately 150 m« 


and 10 kmc. The 


limits depends upon the power require- 


choice within these 


ments and the state of the art. For 
example, in a low-power space-vehicle 
transmitter, one might look to solid state 
devices for reliability and efficiency, a 
choice which then limits the frequency 
to the few-hundred-megacycle 
As devices of higher frequencies are im- 


range 
proved for space use, higher frequencies 
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(who read the paper) and S. H. Roth, Astro- 
Electronic Products Din 
America, Princeton, N.J 
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will be used. The present state of the art, 
in fact, indicates that the 1000-mc range 
is an optimum choice for some systems. 
The one important factor that should 
influence any system design for space 
communication is reliability. The most 
sophisticated theoretical system is worth- 
less if it is not reliable, so that it is far 
better to have a basically simple system 
with emphasis on reliability. 

A considerable variety of television 
systems may be used in space probes; 
some may bear little likeness to what is 
commonly called television. It is beyond 
the scope of this paper to discuss pickup 
devices, scanning modes and methods, 
and storage equipment. The scanning 
devices may be electrical or mechanical, 
or both, and the storage device may be a 
vidicon or some form of tape storage. 
The communication problem may be 
described adequately by discussing the 
image in terms of the number of picture 
elements. Since one cycle will describe 
two picture elements, the product of 
frequency bandpass and time of trans- 
mission is a constant for any picture of 
given resolution. This permits the trading 
of bandwidth for time of transmission. 

The determination of required signal- 
to-noise ratios depends on the overall 
system requirements and in many in- 
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stances is made on a subjective basis. 
Fig. 2 is a 500-line picture of what may 
be expected to be seen on the surface of 
the Moon with a 10-db signal-to-noise 
ratio. The signal-to-noise ratio is defined 
in this paper as 20 log (peak-to-peak 
video voltage/2 rms noise voltage). It is 
noted that, although for some applica- 
tions this may be adequate, it leaves 
something more to be desired. Figure 3 
is the same subject with a 20-db signal-to- 
noise ratio. These pictures were taken 
with an exposure of one frame and are 
not as good as visual observation of the 
same signal-to-noise ratio at standard 
television rates. This is because the eye 
tends to integrate the noise and signal 
over several frames when viewing stand- 
ard television. One can also determine 
the required signal-to-noise ratio in terms 
of the required number of distinguishable 
gray levels and object size. In this case, 
the noise-power spectrum and the first 
and second order statistics of the noise 
must be taken into account. 

Power consumption economy and 
circuit simplicity usually govern the type 
of modulation to be used. Narrow-band 
FM has several advantages; one ad- 
vantage is the noise improvement factor 
due to the shape of the output noise 
spectrum. This results in a lower trans- 
mitter power. Other advantages are the 
comparatively low modulating power re- 
quired, the relative simplicity of FM 
transmitter circuits, and the capability 
of wide dynamic range, where it is re- 
quired. 

In comparison, pulse-modulation tech- 
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Fig. 1. Noise densities and their sources. 
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(a) TV TEST PATTERN 


(b) TV. PICTURE OF MOON 


Fig. 2. A 500-line picture of what we may expect to see on the surface of the Moon 


with a 10-db signal-to-noise ratio. 


niques require larger bandwidth or more 
circuitry; AM 


more modulator power, and single side- 


requires considerably 
band, much more circuitry. Phase modu- 
lation has many of the advantages of 
FM, but does not have the noise im- 


provement capability. 


The slow transmission rate requires 
that the system be essentially d-« coupled. 
In an FM system the Doppler-shift fre- 
quency variations would act the same as 
a low-frequency signal. The amplitude 
of this variation is directly proportional 
to the frequency shift and can be quite 


large. From the series expansion relating 
the Doppler shift to the radial velocity 
of the two terminals, it is seen that the 
higher-order terms can be neglected 
when the radial velocity is small com- 
pared to the speed of light. For example, 
a change in vehicle velocity of 1 mile/sec 
would produce a shift of 5.4 kc in the 
case of a one-kmce carrier. 
y 


Vi 
f= flt—-+44+45 


c 
where 

c = velocity of light, 

V = radial velocity of vehicle, 

f = original frequency, and 

f! = shifted frequency ; 
for 

c>> JV, 

vy 
1affil + , 
poi + ,) 


and 


1 kme, 
1 mile/sec, and 
5.4 ke. 


In most cases variations of this order 
would be intolerable. Phase or amplitude 
modulation is of no help since there is 
no d-c capability. Digital pulse modula- 
tion does have d-c capability, but the 
large bandwidth requirements make it 
unattractive. The problem is solved by 
the use of a subcarrier. The information 
signal modulates the subcarrier which in 
turn modulates the carrier. FM is gener- 
ally used for the subcarrier for the same 
reasons that apply to the carrier. The 
Doppler shift of the subcarrier follows 
the same relationship as that of the car- 
rier; however, its center frequency is 
many orders of magnitude less than the 
carrier, giving a corresponding reduction 
in Doppler variation. 


Transmission From a Satellite 
in the Vicinity of the Moon 


To illustrate the design of a communi- 
cation system for space-television trans- 
mission, let us look at a very realistic 
problem such as the transmission of a 
picture from a station in the vicinity of 
the Moon. The picture to be transmitted 
is square and scanned with 500 lines in 
a conventional manner. It is also desired 
to maintain 500-line resolution. The 
readout rate of the picture is one frame 
per minute. We may also choose, based 
on the previous discussion, a signal-to- 
noise ratio at base band of 20 db. 


The bandwidth requirement is: 


BW (F of picture cme) 


2 X time in seconds 


500 & 500 
, oa 2 — 
Bu 120 2100 cps. 
An FM/FM modulation scheme with 
the following parameters is selected : 
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Subcarrier frequency... . 5000 cps 
Modulation index (subcarrier). .1 
Video base-band bandpass 0-—2100 cps 
Carrier frequency 1 kme 
Modulation index 1 
Intermediate-frequency band- 
width 20 ke 
The signal-to-noise ratio at the output 
of an FM/FM system is (see Appendix): 


where 
= rms signal voltage-to-rms noise 
voltage ratio, 
= rms carrier voltage-to-rms noise 


voltage in the i-f amplifier, 

= bandwidth of i-f amplifier, 

= r-f carrier peak deviation, 

= subcarrier peak deviation, 

= subcarrier center frequency, 

= cutoff frequency of video output 
circults, 
foc ~ fm, and 


f 


Xx 104. 
F 10°, 
. Fy 1X 103, 
fe = 5 X 108, 
Sm 1 x 

hi — fm = 2.9 X 10%, and 

fe + fn = 7.1 XK 103. 

We find that the required signal-to- 
noise ratio in the i-f passband is 3.6 o1 
11 db. 

The noise power in the i-f passband 
referred to the receiver input is given by 


P, = KT.B 


where 
P,, = noise power, 
K = Boltzmann’s Constant, 
7, = effective noise temperature (K 
and 
B = i-f bandwidth. 


T,) is 


made up of two components; the effective 


The effective noise temperature | 


temperature at the antenna terminals 
(T,) when connected to a perfect noise- 
less receiver and 7, the effective noise 
temperature of the receiver referred to 
the input of the receiver when connected 
to a perfect noiseless antenna. By super- 
position 


For this example a 2-db noise figure 
receiver was chosen. This can be achieved 
by the use of a parametric amplifier pre- 
ceding a conventional low-noise i-f am- 
plifier. The effective temperature of the 
receiver can be computed from the rela- 


tionship 

where 
noise figure of the receiver. 
2-db receiver 


= 1.6, and 
293 (1.6 — 1) = 175K. 


he 


(b) TV PICTURE OF MOON 


Fig. 3. Same as Fig. 2, with a 20-db signal-to-noise ratio. 


The antenna temperature is deter- 
mined by the amount of random radio 
energy received from space and through 
side lobes oriented toward the relatively 
“hot” Earth. There is also a contribu- 
tion due to losses in the antenna and the 
transmission lines to the receiver. The 
actual noise temperature is a function of 


the direction of the antenna beams, but 
a good approximation can be made of 
about 100 K, providing the side lobes are 
well suppressed and the beam is not 
pointing at a particular “hot’’ source 
such as the Sun. The total effective noise 
temperature for this example is then 


T, = 100 + 175 = 275K 
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Table I. Specifications. 


Picture resolution 500 & 500 lines 
Number of elements 250,000 
Transmission time 1 min 
Base band 2100 cps 
Range 250,000 miles 
Receiver 

Intermediate-frequency BW 20 k« 

Noise figure 2 db 
60-ft dish 
43 db 


Antenna 
(sain ol antenna 
Transmitter 
Carrier frequency 1 km 
Type modulation FM 
Peak deviation te 7 ke 
Antenna crossed dipoles cir- 
cularly polarized 
Antenna gain 3 db 
Subcarrier 
Center frequency 5 ke 
[ype modulation FM 
Peak deviation 2.1 ke 


and the noise at the input ol tne receiver 
18 

P K7T,B = 1.36 X 10-% & 2 X 104 
x 275 75 & 107" w or —161 dbw 


This means that the receive 
(P.) must be —161 dbw + 11 db or 
150 dbw. Using the well-known trans- 


power! 


Mmuissior equation 


P 

P 
gain of the transmitting antenna 
over an tsotropic antenna, 
rain of the receiving antenna over 
in isotropic antenna, 


wavelength, and 
distance in the same units 


For the system described: 
250.000 miles KX 1.609 X& 10 
4.02 K 108m, 
300 
1000 
( x 


( 
4nX 4.02 * 108) 
0.351 * 10 


r(G, 


204.5 db + Ge wm G, 


or the loss between isotropic antennas is 
204.5 db. Choosing from reasonable and 
available antenna systems, the ground 
antenna is a 60-ft dish with vertical and 
horizontal feeds and polarization diver- 
sity he expected gain of such an 
antenna is 43 db. This does not con- 
stitute the highest-gain antenna in ex- 
istence, but an available size. The vehicle 
antenna is a circularly-polarized crossed 
dipole used in an attempt to achieve 
in isotropic antenna The gain of this 
antenna will be about —3 db. Then: 
Pp 

Pp 


04.5 ,0 + 43.0 165db 
Therefore 
150 dbw, the transmitter power re- 


165 db) or 15 


f the power received must be 


quired is 150 dbw 


dbw. Allowing a 10-db margin for equip- 
deterioration and 


ment nonoptimum 


operating conditions, makes the trans- 
nitter power 25 dbw or approximately 
which still seems like a rather 


300 ow 
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high power especially considering that 
the efficiency may be in the order of 20%, 
making the power requirement 1500 w. 

One of the obvious ways to reduce the 
power requirement is to increase the time 
of transmission, but the total energy re- 
quired for the transmission of one picture 
is still the same. The weight and size of 
the transmitter are reduced, however, 
to that of a 30-w transmitter if the time 
is increased, for instance, to ten minutes. 
However, there may be some advantage 
as a function of realizable efficiency, in 
using one, rather than the other, trans- 
mitter provided either transmission time 
is acceptable. 

A more advantageous solution is ob- 
tained by increasing the gain of the an- 
tenna system. Some vehicles may be 
stabilized to maintain the optical axis 
orientation, in which case it may be 
feasible to use a directional instead of the 
isotropic antenna. This antenna would 
be even more feasible if the space probe 
were to land on the Moon. 

Since the angle subtended by the 
Earth is approximately 1.8°, the Earth 
could be tracked by infrared sensors 
which could provide data for pointing 
at the center of the Earth as long as the 
beam width of the antenna is large 
enough to illuminate the Earth. An ex- 
ample of this is a 5-ft dish which has a 
gain of 21 db. The beam angle is given in 
degrees by 


~ 
ics 27.000 
G 


where G is the gain of the antenna or in 
this case 125 Therefore 


27,000 14.7 
125 

Chis is a reduction of power required by 
21 db—(—3 db) or 24 db. The power re- 
quired with the isotropic antenna was 
25 dbw or 300 w, but now is 25 — 24 = 1 
dbw which is 1.25 w. This is a very 
reasonable power requirement and 
within the present state of the art for 
using solar cell power supplies. This sav- 
ing must, however, be weighed against 
the increased power consumption and the 
weight required to track the antenna, 
which depends upon the particular probe 
since some probes lend themselves more 
easily to antenna stabilization by virtue 
of the requirements of the primary ex- 
periments aboard the vehicle). 

[his same gain could be realized by 
increasing the gain of the ground receiv- 
ing antenna, but it would require a dish 
well over 600 ft in diameter to effect 
the same gain as the 5-ft dish on the 
vehicle. Table II illustrates the energy 
required for each picture for the different 
component selections 


Conclusion 


[his discussion is not intended to pro- 
vide fixed rules for the design of a com- 
munication system for space vehicles, but 


Table Il. Energy Required for Each 
Picture. 

Time 

of 

trans- 

mis- Input 

sion Radiated 


Antenna 
(at 20% energy, gain, 
efficiency) whr db 


power Total 
(one power, 
frame) w 


1 min 300 1500 25 G, = —3 
Gr = 43 
10 min 150 ? a 
Gr = 43 
1 min 2 6.25.. G,; = 21 
Gr = 43 


rather to point out some of the major 
areas to be considered. It has, however, 
illustrated the practicality of instrument- 
ing such a system. The actual configura- 
tion of a system will depend on the mis- 
sion and payload capabilities. General 
conclusions can, however, be made: such 
as the advantage of using FM subcarriers 
for video transmission. Higher carrier 
frequencies will be used because of the 
lower noise level and 
tenna gain as practical equipment be- 


increased an- 


comes available. It will then be very 
helpful to use low-noise amplifiers such 
as the maser. 


APPENDIX 


Derivation of Signal-to-Noise Ratio 
at the Output of an FM/FM System 


A block diagram of the detection sys- 
tem is shown as Fig. 4. 

It is assumed that, in both detectors, 
the carrier-to-noise ratio is greater than 
the threshold value. With good limiting 
this value is approximately 12 db. 

At the output of the i-f amplifier the 
noise voltage at frequency f, will have 
the equivalent value 


Cc, = V K2 Mfn cos2a frat, 


where 
hr any frequency within the bandpass 
of the i-f, 
K noise power density per unit band- 
width at the output of the i-f, and 
Af a small increment of bandwidth. 


The carrier voltage at the output of the 
i-f has the value 


C. = V2 C cos 2 x fot, 
where 


C = rms carrier voltage, and 
fo = carrier frequency. 


Since C is at least 12 db greater than 
the total noise in the i-f, it is safe to state 


C>> 75 47, 

where 

Af << B, and 

B = i-f bandwidth; 
then 
sina = YS cog 2 x (/ —fndt, (1) 
where a = angle between the carrier alone 
and the resultant of the carrier and the 
noise voltage at frequency f,, as shown 
in Fig. 5. 
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Fig. 4. Block diagram of the detection system. 


Since 


VKAf . 
( 


then 


VK Af 


9) ) 
cos ZW (fo — fadl (2) 
( 


a is then the angular modulation due to 
noise voltage ¢,. 


lhe equivalent frequency modulation 


1 da - VK Af(fa (3 
ax dt = ( sin 2 7 fal, e) 


where fa = |fo — f,. 


There will be two components of noise 
at frequency f, one from f, = fo + fand 
the other from f, = fo f. Therefore, 
limiting f, to positive values the FM 
noise modulation is 


V 2KAf 
_—s 


fa sin 2 @ fat, 
where fa = '\fo — Jni- 
The subcarrier signal voltage is 
Cy. = F, sin 2 x fee t, 
where 


F, = peak deviation of subcarrier signal 
on the carrier, and 

fee = subcarrier frequency 

?) 


Then, as previously shown (Eq. 


the angular noise modulation on the sub- 
carrier will be 


V 2K(Afa)fa 
a, = 7 ‘ sin 


CF, 


2x(f, — fa)t. (5) 


The FM noise component is 


1 day oe 2 KAfa Ua )(f — Ja) 
2x dt CF, 
cos 2x (f, — fat (6) 
To obtain the total noise in the final 


video passband it is necessary to inte- 
grate Eq. (6) over the limits 





from fg = f,. — f, 
to fa = foe + fm, 
Figure 5 


where f,, is the highest signal frequency 
modulation component on the subcarrier 
This assumes that a low-pass filter is used 
at the output of the second detector with 
cutoff frequency /,,,. 


where 
F, = peak deviation of signal on sub- 
carrier. 
Phen, letting Therefore signal-to-noise in the output 
fi = fee — fm, and . 
fo = fre + fms . 


the total rms noise voltage in the output is 


Ss - 
N aK | 2 
(Pfs 2K = “7 Ven c 
LS ca a — to) ate] 
2K ow : 
[ Ual/s — fa)? “fa | Since 
iF, fi 


K = noise power density in the i-f, 


C FF:VB 1 
N \ 2 [4 as i. fot fac? fr* 
2 : 


4 


The signal voltage at the output of Jy 
the second detector is 
where 


ps = Fe sin at, N\_¢ = rms noise voltage in i-f. 
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Electrostatic Imaging and 
Recording 


Simultaneous pickup and electrostatic storage of optical information are accom- 
plished by using a transducer consisting of a pickup tube with a layer of photo- 
conductor overlaid by a thin layer of highly insulating material. Recording is 
achieved by simultaneous optical exposure of the photoconductor and electronic 
beam contact to the insulator. A charge pattern corresponding to the optical 
pattern remains on the insulator. During the storage period, which may be for 
several days, the target is insensitive to light and radiation. When readout is 
desired, the charge image is read by an electron beam, as in a television pickup 
tube. The images may be stored on fixed targets or on a flexible tape. 


= 
i ABILITY to put instrument pack- 
ages into orbit provides a wide range of 
possibilities for obtaining data about the 
Earth and its environment. One of the 
most useful types of information which 
can be so obtained is pictorial for 
mapping some of the remote portions of 
the Earth or for preparing a daily photo- 
graphic weather map of the entire Earth. 

\ satellite camera to perform these or 
similar functions must have several special 
characteristics, among the most impor- 


tant of which are 


i) high light sensitivity, preferably in 
he red portion of the visible spectrum, 
b) ability to store the pic torial in- 
formation for the duration of at least one 
rbit, and 
means of transmitting the informa- 


to the ground via radio. 


Sensitivity in the longer visible wave- 
lengths is desirable to achieve maximum 

ize penetration. The pictorial informa- 
tion must be stored for at least one orbit, 
because the satellite spends most of its 
ime out of transmission range from a 
orbits of 


ven ground § station For 


ipproximately 300 miles the orbital 
period is about 90 min, and the satellite is 
ibove the horizon for a given ground 
station for a maximum time of only about 

) min. Pictures taken during 80 min of 
the orbit must be stored until the ground 
station is within radio range 

Some other requirements of the camera 


ire 


d) operation in vacuum 

¢) operation in Van Allen radiation, 
{) unattended operation, 

g) operation with great reliability for a 

long time, 
h) consumption of a minimum of 
power with minimum weight, and 
i) high resolution 


[t was specifically for satellite applica- 


tions, and to meet the above requirements, 


n October 6, 1959, at the Society’s 

tion in New York City, by E. C. Hutter 

who read the paper), J. A. Inslee and T. H 

Moore Astro-Electronic Products Div., Radio 
Corp. of America, Princeton, N. J. 

paper received first on September 4, 


und in final form on November 12, 1959 


January 1960 


that the electrostatic imaging and record- 
ing system was first developed. 


Basic Operation 


Ihe transducer consists of a pickup de- 
vice with electron guns and conven- 
tional focusing and deflection coils, but 
with a target consisting of a transparent 
support, a transparent backing electrode, 
a high quantum efficiency photoconduc- 
tor, and a layer of insulator. This target, 
when in the form of a flexible tape, will 
hereafter be called a‘‘phototape” (Fig. 1). 
[he transparent support presently used is 
du Pont Cronar* motion-picture film 
base. The transparent backing electrode is 
a thin evaporated film of gold, chromium 
or other suitable metal, and the photo- 
conductor used for sensitivity in the 
visible red is antimony trisulfide, the 
same chemical compound that is used 
in commercial vidicons. The insulator 
layer used at present is pure polystyrene 
On each side of the sensitive area of the 
tape is a metal strip which serves as an 
electrical contact to the backing elec- 
trode. It is possible for this metal strip 
also to serve as a spacer to prevent 
physical contact between adjacent layers 
of tape on the storage reel 

A schematic drawing of a phototape 
camera and a lumped-constant electrical 
equivalent circuit are shown in Figs. 2A 
and B. The electron beam functions as a 
switch and is so shown. In step 1, a 
potential difference V is applied across 
the series R-C circuit formed by the photo- 
conductor and insulator layers of the 
This 
through an electron flood beam, and the 


phototape. potential is applied 


photoconductor can be either in darkness 


*“Cronar” is the registered trade mark for 


du Pont’s polyester film base 


By E. C. HUTTER, J. A. INSLEE 
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or uniform light. The contact is main- 
tained for a period of time equal to many 
time constants of the series R-C circuit. 
At the end of this period, a uniform 
potential difference equal to the applied 
voltage V is established across the insula- 
tor layer. The electron flood beam is 
turned off and the applied voltage is re- 
duced to zero. Now all remnants of pre- 
vious pictures are removed from the in- 
sulator, and the tape is ready for optical 
exposure. 

In step 2, an optical image is projected 
onto the 
multaneously the electron flood beam 
makes contact with the surface of the 
insulator. In this step the only potential 
difference around the equivalent circuit 
is that which has been stored on the in- 
sulator layer. This charge on the insulator 


photoconductor, and = si- 


can now decay toward zero. In areas of 
the tape where the optical image is 
brightest the photoconductor resistance 
will be lowest and the potential de- 
cay will be most rapid. The potential 
decay for a light and a dark area of the 
optical image is shown in Fig. 3. At a time 
bmnax 
greatest difference between the potential 
in a light and in a dark area the electron 
flood beam is turned off and the discharg- 
ing process stops. An electrostatic charge 
image corresponding to the optical image 
is now fixed on the insulator layer. The 
tape can now be rolled up and stored for 
the required length of time. 
stored 


in Fig. 3) corresponding to the 


To convert the electrostatic 
charge pattern into a video signal for 
transmission to the ground, the tape is 
moved in front of an electron gun giving 
a finely focused beam. The original po- 
tential difference V is established around 
the circuit and the tape is scanned by the 
focused beam. Each individual elemental 
area of the tape, when contacted by the 
beam, charges from its stored potential 
back to the original potential V. The 
charge required to do this flows through 
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Fig. 1. Electrostatic storage tape construction. 
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Fig. 2A. Electrostatic storage 


tape operation. 
+V, 


a signal resistor, R,;,; the voltage de- 
veloped across this resistor constitutes the 
video signal, which can then be processed 
with conventional television equipment. 


Design Considerations 


[he capacitance of the photoconductor 
layer has been ignored in this description 
because it plays a secondary role. The 
photoconductor 
the photoconductor resistance during 


capacitance bypasses 
readout, and is an aid in that respect. 
It is a detriment in the respect that, in 
accordance with theory of Rose and 
Lampert,! the maximum obtainable 
quantum gain of phototape using a sim- 
ple photoconductor is (1+C;/C,) where 
C; and C, are the insulator and photo- 
conductor 
Since C; is fixed from practical consid- 
erations, it is desirable to have C, low, 
certainly not larger than C;. 

The normal operation of phototape re- 
quires that an electron beam drive the in- 
sulator surface potential both positive and 
negative. This is accomplished by op- 
erating with 
sufficiently high so that each beam elec- 
tron dislodges more than one secondary 
electron from the insulator surface (high 
velocity). The surface will be driven posi- 


capacitances, respectively. 


i 


beam electron energies 


tive (net subtraction of electrons) if these 
secondary electrons are collected else- 
where; it will be driven negative (net 
addition of electrons) if these secondary 
electrons are returned to the insulator 
surface. Electron energies in the neighbor- 
hood of 250 v are suitable. The equilib- 
rium potential of the insulator surface is 
thus equal to the potential of the second- 
ary collector. The potential V referred to 
in the equivalent circuit is therefore equal 
to the collector mesh voltage minus the 
target voltage V;. During the reading 
process the insulator surface is being 
driven positive, the secondaries are being 
collected on a collector electrode, and 
there is no degradation of picture quality 
due to secondary electron redistribution 
over the insulator surface. This freedom 
to read at high velocity, which is not 
shared with commercial broadcast tele- 
vision camera tubes, aids in obtaining a 
high-resolution reading beam. 
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Fig. 2B. Equivalent circuit. 


Fig. 3. Insulator 
potential decay. 
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The time which an electrostatic 
charge image can be stored is de- 
termined by the insulating quality 
of the insulator layer. The require- 
ments for this insulator are rather 
severe. The insulator layer must 
be about 0.6 uw thick to obtain a ca- 
pacity match with the photoconductor, 
and it must withstand about 20 v to pro- 
vide a reasonable field for the photo- 
conductor. The field across the insulator 
is then about 300.000 v/cm. The storage 
time required is at least 90 min, and thus, 
the ohmic relaxation time of the insulator 
at this field must be long compared with 
90 min, so that there is no picture deg- 
radation. 

Experiments have been performed with 
a number of insulating materials in an 
attempt to find’ the best one for this pur- 
pose. Inorganic materials which could be 
evaporated to form thin films and which 
normally have high resistivity, such as 
MegF>2, CaFo, etc., would not withstand 
the extremely high electric field. Organic 
materials such as some vinylites, poly- 
methylmethacrylates, and silicone resins 
were much better, but still marginal. The 
best material so far tested, and by a very 
wide margin, is polystyrene. The shortest 
ohmic relaxation time measured on a 
pure polystyrene layer at a field of 106 v/ 
cm was three months. 

A photoconductor has been chosen as 
the light-sensitive element for several 
reasons: (1) A photoconductor permits 
forming the stored image directly from 
the optical input and directly on the 
storage medium. ‘This gives a system with 
a maximum of simplicity and a minimum 
of limiting apertures. (2) The quantum 
efficiency of a photoconductor in the 
- considerably 
higher than that of a photoemitter, for 


visible red is quite high - 


instance. Use of a photoconductor, there- 
fore, results in high sensitivity. (3) The 
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tape transport must have precision me- 
chanical parts. which cannot tolerate 
the heat treatment normally given vac- 
uum tubes. The vacuum obtained in a 
tape camera will, therefore, not be as 
pure as the vacuum in normal tubes. 
The photoconductor, being relatively 
inert chemically, is not affected by the 
quality of the vacuum. 

The quantum efficiency of the photo- 
conductor presently used is approxi- 
mately 50%. The sensitivity of the elec- 
trostatic phototape, therefore, is quite 
comparable with the sensitivity of other 
aerial photographic systems. A peak high- 
light exposure of 0.01 ft-c/sec is adequate 
for photographing a standard EIA test 
pattern. 

The halftone rendition of the photo- 
tape is equal to that obtained from vidicon 
television camera tubes. This is as would 
be expected, considering their similarity. 

The resolution of the phototape can be 
influenced by three factors: light scatter- 
ing in the photoconductor, photoelectron 
diffusion in the photoconductor, and 
fringing of the electrostatic field across 
the insulator. Since the photoconductor 
presently used is glassy, the light scatter- 
ing is negligible. A mathematical analysis 
has been made of the effect of photo- 
electron diffusion and field fringing on 
resolution. It indicates that the photo- 
electron diffusion is negligible, and that 
the effect of fringing is such that the 
minimum resolvable dimension will be 
approximately equal to the thickness of 
the insulator. For normal tape this is 0.6 
u giving a limiting tape resolution of 15,- 
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Fig. 4. Sealed Electrostatic Tape Camera. 


The calculated 


V, of the tape is 3,300 television lines /cm. 


000 television lines/cm 


Of course, the fact that the inherent 
tape resolution is so high does not mean 
that such resolution can be obtained from 
The difficulty 


is in obtaining an electron gun with a 


a tape camera at present 


sufficiently small beam cross section to 
read this resolution from the tape How- 
ever, the ability of the tape to be read 
at high velocity considerably eases the 
problem of providing a high-resolution 
reading gun. 

From the above discussion and the 
description of the phototape operation, it 
is evident that, with the exception of the 
optical system and the transmitter, which 

re common to any system, the resolution 
‘ctrostatic imaging and recording 
ra system is essentially determined 
one limiting aperture the 
reading electron beam 

Writing, storage and reading are ac- 
complished with no tape processing be- 
yond contact by an electron beam. As 
would be expected from this fact, the 
tape is almost indefinitely reusable. The 
end of its life comes when the rolling and 

olling process has caused mechanical 
of the Cronar base. 

The phototape is not optically sensi- 
tive except while being contacted by an 
electron beam, and it is made of materials 
which are relatively insensitive to radia- 
tion. Davidson and Rosen? report that the 
antimony trisulfide photoconductor is 
relatively unaffected by radiation, and 
Monk?’ and Woodward! report that some 
types of polystyrene neither color not 
show enough resistivity reduction to affect 
phototape operation even when exposed 
to high amounts of radiation. Two radia- 
tion tests have been made to date on the 


phototape. One was to determine if radia- 


tion would change the conductivity of 
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the photoconductor, i.e. appear as light; 
The photoconductor was exposed to 250 
R/hr of 1 mev x-rays. There was no 
change in conductivity. The second test 
was to determine if radiation would affect 
the stored image on phototape. A stored 
image was exposed to 100 R/hr of 1 mev 
x-rays for one hour. There was no dis- 
cernible deterioration in the quality of 
the stored picture. It seems reasonable, 
therefore, to assume that a phototape 
camera would not be seriously affected 
by Van Allen radiation 

On one point a problem was expected, 
but it has not been found in tests so far 
made. Difficulties were expected from 
the effects of rolling an insulating tape 
with an electrostatic charge on a reel. 
Of course, there is the electrical contact 
strip along the tape edge, but there is no 
definite proof that the strip either does 
or does not separate the layers of tape. 
(It is not possible to make the contact 
strip nearly as thin as the photoconduc- 
tor-insulator layers and have it retain 
sufficient mechanical strength; therefore, 
it has not so far been possible to see what 
happens when the contact strip thickness 
is negligible. However, in testing a 
number of tapes many times in two 
different tape transports, no deterioration 
of picture quality has been observed. 

Phere is a problem with the tape trans- 
port motors and ball bearings because of 
the requirements that they operate in a 
camera-tube-quality vacuum. However, 
the problem is mitigated by the fact that 
tape speeds are slow (because of the high 
information density of the tape) and con- 
sequently tape transport rotational speeds 
are low. There are several types of ball 
bearings which are suitable for use in 
vacuum. These include x-ray tube bear- 
ings, high temperature bearings, and 
bearings with solid lubricants. Motors 


of the type with solid armatures (and 
most synchronous motors can be made 
this way) are relatively easily adapted 
to use in vacuum. The winding is either 
potted in a nonvolatile material or 
hermetically sealed. The solid rotor re- 
quires no special attention. 
Experimental Work 

A number of experimental devices 
employing electrostatic image 
have been made. These include: fixed 
phototape targets sealed in 6198 vidicon 
envelopes, fixed phototape targets sealed 
in camera tubes with electron multipliers, 
a demountable vacuum system with a 
tape transport, and a completely sealed 
phototape camera. The phototape targets 
in vidicon envelopes and the demountable 
tape transport have been constructed 
primarily for research. The phototape 
targets in tubes with electron multipliers 
will be evaluated for use in extremely low 
bandwidth systems as would be used for 


storage 


lunar or interplanetary probes. 

An experimental sealed phototape 
camera is shown in Fig. 4. It consists of 
a short length of phototape and a bi- 
directional stepping motor with gear 
train to move the tape between two reels. 
Reading and writing are done with an 
image-orthicon electron gun. The camera 
is maintained at operating vacuum by a 
Varian Vac Ion pump. Undeteriorated 
pictures have been read from this camera 
after having been stored rolled on its 
reels for periods up to two weeks 


Conclusions 

All of the basic operational features of 
an electrostatic imaging and recording 
system using television phototape have 
been incorporated in a number of labora- 
tory models, and the system has been 
shown to represent a marked advance in 
the possible methods of recording, storing 
and transmitting pictorial information 
from satellites. Particularly important fea- 
tures are: a minimum number of limiting 
apertures, the easy erasability and reuse 
of a true image storage medium (as con- 
trasted to signal storage, for example), 
and the relative insensitivity to radiation 
effects. No basic difficulties appear to 
exist in the development and design of a 
ruggedized camera capable of actually 
being flown in a satellite. 
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Discussion 
Anon: Is the readout of the stored information 


destructive? 
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Dr. Hutter: 


present method of readout, it is partially de- 


The way we usually run it, in our 


structive. The greater part of it is gone in the first 
readout, but a recognizable picture can be 
produced for the next two or three readouts 
We want to erase it after one readout for all 
satellite uses; it was not designed to be a per- 
manent storage 

Anon: Would not the high capacitance to 
ground of the signal plate in the tape limit the 
range of light levels? 

Dr. Hutter: 1 don’t see why the capacity of 
the signal plate would necessarily limit the light 
levels. The capacity of the signal plate has a 
bearing on the speed at which you can read it out, 
but there are ways to get around that, such 
things as using return beam readout, for instance, 
where the signal plate is merely a source of d- 
bias. Once the image is on there you can read 
it out at a perfectly normal video rate 

Anon: Does the readout have to be done with 
a low-velocity beam? ; 

Dr. Hutter: No, it can be done with a high- 
velocity beam; that has been done 

B. R. Linden (CBS Labs.) : Do the high-velocity 
electrons induce any physical changes in the 
polystyrene? 

Dr. Hutter: 


quite a number of measurements on the basic 


No, they do not. We have made 


method of charge storage in the polystyrene 
We are going to issue some reports on this, 
but, the gist of them is that they do not seem to 
induce any bombardment conductivity at the 
voltages we are using (approximately 250-v 
elec trons) or penetrate the poly stvrene 

Anon:Would you comment on the lifetime you 
would expect from the bearings in the camera as 
they were operated in vacuum? 


Dr. Hutter: In this particular model that you 
saw, we were not really interested in trying to 
give the bearings a life test, but rather in trying 
to put together all the necessary parts for a 
camera. In this one we took standard ball 
bearings and very gently removed all the grease, 
got them cleaned, heated, and baked, et 
before being put together. A vacuum problem 
in this camera arose from the Synchromental 
motor which drives the tape. This was originally 
wound with some plastic insulated wire and we 
had to re-wind it with glass-fiber insulated wire 
We have looked ahead into the bearing question 
and have been and still are making quite a num- 
ber of tests on bearings. The results to date are 
quite encouraging. There are a number of these 
such as the Machlett silver-coated bearings that 
are used in x-ray tubes. We have run these for 
hundreds of hours in high vacuum. We have 
also used special, hardened bearings which we 
have obtained from New Departure for this 
purpose. These are precision bearings in the 
sense that the Machlett bearings are not, and 
ultimately, in TV reconnaissance precision will 
I don’t 
remember the exact figure but it is somewhere be- 


be of importance. We have run them 
tween 500 and 1000 hours — at a pressure of about 
106 mm of mercury and they held up very well 

We are also making tests on several other types 
of bearings, and it looks as though Molykote 
bearings will work. (Note: subsequent tests 
have shown that in an oil-free high vacuum 
these bearings are not satisfactory.) 

VM. Tragers (Massachusetts Institute of Tech- 
nology): Do you have any out-gassing from the 
polystyrene? 

Dr. Hutter: The polystyrene, strangely enough, 
seems to be one of the, you might say, minor 


Satellite Astronomical Telescopes 


The program of the National Aeronautics and Space Administration includes 


several projects designed to obtain astronomical observations from satellites. 


Telescopes with apertures up to at least 36 in. appear to be practical for satellite use. 
They will be individually designed for particular spectral regions and particular 
experimental objectives and usually will be based on photodetectors and elec- 


tronics imaging devices which will substitute for the camera and the human eye. 


ie 
‘| HE EARTH’S ATMOSPHERE, so vital 
to the development and sustaining of life, 
is a severe hindrance to the accumula- 
tion of astronomical observations from 
the surface of the Earth. ‘This atmosphere 
has two major effects. First, it is opaque 
or only semitranslucent to most regions 
of the electromagnetic spectrum. Second, 
the radiation which does penetrate the 
atmosphere to the surface of the Earth 
is distorted by scattering and by the 
variable indices of refraction encount- 
ered in small patches in the atmosphere. 

Except for average stars such as the 
Sun, no astronomical body has its maxi- 
mum blackbody-emission in the visual 
atmospheric window, and none has its 
blackbody-emission maximum in the 
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radio region of the spectrum. In spite of 
this, many important astronomical emis- 
sions are in or near the visible region of 
the spectrum (Fig. 1). It remains to be 
determined from observations beyond the 
absorbing screen of the atmosphere 
whether this indicates a true physical con- 
centration, or merely a concentration of 
those objects about which we have been 
able to acquire information from the sur- 
face of the Earth. Four projects among 
those in the Observational Astronomy 
and Solar Physics programs of the Na- 
tional Aeronautics and Space Adminis- 
tration (see Table I) are designed to 
obtain such astronomical observations. 
A Gamma Ray Astronomy Project will 
measure the spatial and frequency dis- 
tribution of very high energy photons; 
an Orbiting Solar Observatory Project 
and an Orbiting Astronomical Observa- 
tories Project will explore the region of the 
spectrum in which optical techniques can 
be employed; and an orbiting Radio 


problems. When we first started making these 
tubes, the vacuum technology people spoke with 
horror of having something like polystyrene in a 
tube. Actually we have tested several of the single 
target tubes, such as the group of four I showed 
on one of the slides, which have polystyrene 
coated targets. These have been sealed up and 
we have kept some over a year. They were still 
functioning 

Mr. Sojay (Convair Astronautics): Do you see 
any possibility of arranging tape storage of this 
sort of image over a period of a year or more? 

Dr. Hutter: 1 would say there’s certainly a 
possibility that you could actually store a picture 
for over a year or more. I wouldn’t say that we 
could do it we haven’t done it; we haven’t 
tried to do it. The basic limitation is how good 
the polystyrene is. We think the conditions for 
surface leakage are very good (i.c., low surface 
leakage) because the electron beam inherently 
tends to clean up the surfaces bombarded, and 
it’s in a perfectly dry, vacuum atmosphere. 
If you take the bulk resistivity of polystyrene as 
that which we get in thin samples, as being 
in the order of 10'7 ohm centimeters or there- 
abouts, and if you compute the R-C time con- 
stants on this basis, the time constant is in the 
order of 3 to 6 months. It varies somewhat with 
the thickness of the specimens. I would guess 
that at the end of the year it would certainly 
have gone down. I would think there would prob- 
ably be something which you could still recover. 

Mr. Sojay: Did you mention anything about 
the gray scale obtained with this? 

Dr. Hutter: We have obtained the normal, 
approximately 8-10, gray scales as seen in a 
standard EMA test pattern. We usually check 
these tubes by looking at this pattern. 


By NANCY G. ROMAN 


Astronomy project will provide observa- 
tions of the long-wave end of the spectrum. 

Although astronomers tend to use the 
term “telescope” to refer to any instru- 
ment used for studying photons from 
celestial sources, the Merriam-Webste1 
Dictionary defines a telescope as ‘‘an op- 
tical instrument used as an assistance to 
the eye or camera in viewing, or photo- 
” In keeping 
with this definition, this paper deals only 


graphing, distant objects. 


with that region of the spectrum in which 
optical techniques are applicable that 
is, from perhaps 100 A to about 1 mm. 
The possibility of observing radiation 
from nearly six decades of the electro- 
magnetic spectrum clearly, instead of 
radiation from only about one decade 
hazily, is an exciting one to astronomers 
and has aroused widespread interest 
in the Orbiting Astronomical Observa- 
tories Project. 


Stabilized Platform System 


In this project, the plan is to launch 
several satellites specifically designed for 
astronomical observations (Fig. 2). The 
optical instrumentation will differ from 
one launching to another according to 
the experiment or experiments being 
conducted, but the remainder of the 
satellite will be nearly identical for each. 
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Fig. 1. Atmospheric transmission in relation to major emissions from astronomical sources and blackbody energy distributions. 


or simplicity we are calling this com- 
ion package the stabilized platform Ssys- 
tem, although it will bear no resem- 
blance to a platform and will contain 
1uch more than the stabilization mech- 


1FLiSIT However, stabilization will be 


important since the great distance of 
onomical objects makes most of them 
appear very small and faint. To observe 
them, a telescope must be pointed at an 
biect accurately and held there for a 
time. The stabilization system for 
project will be designed to permit 
nting within a second of arc, or better, 
periods of up to an hour in length 
In addition, the ‘“‘platform’”’ will con- 
1in telemetry equipment, power supplies 


nd some type of starfield acquisition sys- 


tem. The latter may be a small telescope 
similar to a finder on a terrestrial tele- 
scope, which will form an image of the 
sky on a television screen for trans- 
mission to Earth. The astronomer at the 
terrestrial control center can then know 
exactlv where in the sky the instrument is 
pointing, and can move it to a particular 
star by means of commands from the 
ground. Presumably, some type of coding 
of the TV signal would be used to save 
bandwidth and, consequently, power. 
Certainly the scan rate would be about 
one per second rather than the normal 30 
scans sec used in commercial television 
In addition to the bandwidth, the sensi- 
tivity and the dynamic range required for 
such a television system may be serious 


problems 


lable I. Projects of National Aeronautics and Space Administration. 


Observational Astronomy Program 


nom Observatories Project: photometry and mapping ; spectroscopy 


y Astronomy Project: sky survey; 


advanced experiments 


1 
: Radio Astronomy Project: low frequency ; high frequency 


ty Investigations Project: gravitational clock; gravity monitor; artificial planet 


ed Galactic Ir 


on Moon; lunar astronomical observatory; 


ations Project: orbiting optical observatory; optical instruments 


orbiting radio observatory; radix 


astronomy instruments on Moon; lunar radio astronomy observatory 


Solar Physics Program 


Orb 
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ne Solar Observatory Project: disc survey 


terrestrial orbiters; 


; centers of solar activity 


Solar Radiation Rockets Project: selected regions; x-ray spectra; ultraviolet spectra 

Solar Probes Provect 
relationships 

{dvanced Solar Observations Project 


planets; lunar observatory 


solar corona; chromosphere and photosphere; solar terrestrial 


planetary orbiters; artificial 
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To be useful the acquisition system 
must detect clearly stars of at least 
6.5 magnitude; that is, slightly fainter 
than the faintest stars that can be seen by 
naked eye on a dark, clear night, or in 
energy units, less than 10~* ergs/sq cm 
sec. At the same time, the tube must be 
able to accept light from stars almost 400 
times as bright without serious fatiguing, 
and without affecting the performance of 
the remaining area of the tube. More- 
over, contrast discrimination must be 
sufficient to permit the distinguishing of 
at least eight light levels approximately 
equally spaced in logarithmic intensity 
within this range. Such a system is near 
the limit of the present state of the art, 
but it does not seem to be beyond it. 

Princeton University plans to use a TV 
finder system, similar to that described 
above, for pointing a 36-in. balloon-borne 
telescope as part of Project Stratoscope. 
A TV finder system for solar photography 
has already been flown and found success- 
ful both for guiding and for focusing. 
Some of the experiments, such as map- 
ping the sky in the far ultraviolet or in 
the infrared, will also use electronic de- 
vices for image detection and _ trans- 
mission. These devices will entail higher 
sensitivity, greater dynamic range and 
apprec iably greater contrast discrimina- 
tion than is required for the starfield ac- 
quisition system and will involve ad- 
vances beyond the present state of the 


art. 
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Fig. 2. Artist’s conception of a satellite telescope. 


Photomultipliers and Photoconductive 


Cells 


In the past, the astronomer has been 
dependent on photographic emulsions for 
recording observations of celestial phe- 
nomena. In recent years, there has been 
a greater tendency to use photomulti- 
pliers and, in the infrared, photoconduc- 
tive cells for measuring brightnesses of 
stars and for spectrophotometry; that is 
the determination in detail of the bright- 
ness of a star as a function of wavelength 
Because astronomy itself has been re- 
stricted to that wavelength range, photo- 
multipliers and photoconductive cells 
have been used only between about 3000 
A and 5 uw. We shall now need photosensi- 
tive surfaces in other spectral regions, 


particularly the far ultraviolet. The 


photoconductive cells which have been 


used in the infrared are too insensitive to 
compete with the photographic plate in 
regions where both are usable. For the 
full effectiveness of satellite astronomy, 
the sensitivity of infrared detectors must 


be appreciably increased. 


Electronic-Imaging Devices 


Astronomers have looked longingly at 
the high quantum efficiencies of photo- 
electric surfaces with their yields near 
20% of the theoretical maximum as com- 
pared with a small fraction of 1% for 
photographic plates, and have worked on 
the development of electronic-imaging 
devices suitable for astronomical observa- 
tions. So far, the iack of satisfactory stor- 
age capability has prevented the use of 
purely electronic imaging tec hniques; the 
most satisfactory results have been ob- 
tained from the use of electronic image 
intensifiers in conjunction with photo- 
graphic plates. Good resolution has also 
been difficult to obtain because of the 
spread in velocity with which electrons 
leave the cathode. 

In the satellite we shall not depend on 
the use of photographic plates. Thus, we 
are faced with two developments beyond 
the present state of the art, the develop- 


Fig. 3. Photograph of 
sunspot taken from a 
balloon with a 12-in. 
telescope by Princeton 


University Observatory. (Project Stratoscope of Princeton University, sponsored jointly by 


the Office of Naval Research and the National Science Foundation. ) 


ment of photosurfaces and, of course, of 
photomultipliers, for use in the newly 
opened regions of the electromagnetic 
spectrum and the development of elec- 
tronic image tubes which will provide 
extreme sensitivity, good resolution and 
large dynamic range, and, at the same 
time, fine contrast gradations. 


Sunspots and Solar Flares 


There are various problems which we 
hope to solve with our space telescopes. 
For example, when the Sun (an approxi- 
mately spherical mass of gas like all stars) 
is viewed visually, or photographed in 
the light of a large wavelength region, it 
presents a sharply defined edge and a 
comparatively smooth disc marred only 
by small dark regions called sunspots 
These regions are much cooler than the 
surrounding area of the Sun, and also ex- 
hibit fields 
under excellent conditions with a large 


strong magnetic Viewed 
telescope, the surface of the Sun appears 
mottled by “‘granulations”’’ and the regions 
near the sunspots show some striation. 
Photographs obtained with a 12-in. tele- 
scope from a balloon in the Princeton 
Project Stratoscope are better than it 
has been possible to secure on the surface 
of the Earth, even with much larger tele- 
granulations are clearly 
visible, and the markings around the sun- 


scopes. The 


Roman: 


Satellite Astronomical Telescopes 


(Fig. 3). 
might gain even 


spots are strikingly obvious 
From a satellite we 
greater resolution on the Sun, but more 
importantly we would have comparable 
resolution for observing planets, crowded 
starfields, close binaries and distant 
galaxies. For the latter objects, compar- 
able results cannot be obtained from a 
balloon because long integration times 
will be necessary to reach faint limiting 
magnitudes. 

Associated with the sunspots are other 
evidences of disturbances in the solar 
atmosphere, such as solar flares. ‘hese 
flares emit intensely in the light of the 
hydrogen lines, in the far ultraviolet, in 
the radio region of the spectrum and pos- 
sibly in the x-ray region. In addition, 
there is evidence from studies of auroras 
and geomagnetic fields that the flares 
also, at least at times, produce particles 
which travel toward the Earth and dis- 
turb its upper atmosphere. From a 
satellite we shall be able to study the 
ultraviolet and infrared emission from 
the flare and the relationships between 
the emitted energy at various wave- 
solar 


lengths. The normal 


in the far ultraviolet will not only pro- 


spec trum 


vide information on the upper atmo- 
sphere of the Sun but will also permit the 
identification of elements whose presence 
in the Sun can now only be suspected. 
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Fig. 4. Relation between red-shift and distance for extragalactic nebulae. 
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Palomar Observatories 


Planets and Stars 
The planets will also be important 
)bjects to observe from space telescopes 
[he greater resolution will permit us to 
see much finer details, and, for example, 
may determine the nature of the canals 
n Mars. Also, from infrared observa- 
ions we shall learn much about the 
surfaces and atmospheres of the planets 
Not all stars are of the same tempera- 
ture as the Sun. Many are much hotter, 
others much cooler. Only a small por- 
tion of the radiation from such stars can 
be observed in the visual region of the 
spectrum. Although astronomers are un- 


willing to predict what surprises may be 
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10!2 miles. (Courtesy Mount Wilson and 


in store for us when such observations are 
possible, they know that they will learn 
appreciably more about the structure of 
the atmospheres when all the radiation of 
these stars can be studied. Two types of 
stars will be particularly interesting, the 
so-called T ‘Tauri stars and the flare 
stars. T Tauri stars appear to be young 
objects which have not yet fully developed 
into normal stars. They are character- 
ized by extreme variability of light and by 
ultraviolet emission lines. The flare stars 
suddenly brighten by many orders of 
magnitude, and then fade again almost 
immediately, returning to their original 
state in periods of a few minutes, an 
amazingly short time for an object as 


large as a star. Both types of stars appear 
to emit intensely in the ultraviolet; the 
phenomena may resemble that of solar 
flares. 
Interstellar Space and Galaxies 

Although interstellar space is far less 
dense than the best vacuum that can be 
obiained in a terrestrial laboratory, it is 
far from empty. Between the stars are 
both gas atoms, primarily hydrogen, and 
dust grains. The prominent hydrogen 
spectral lines are in the radio region of 
the spectrum and in the far ultraviolet. 
The presence of emission from the latter 
can only be surmised from terrestrial 
observations, but would certainly be 
readily visible from a space telescope. 
The dust grains, in spite of their extreme 
tenuity, occur in such large volumes that 
they are effective in blotting out the 
light of the stars behind them. 

Observation from a space telescope in 
the infrared will, for the first time, permit 
us to observe the center of our galaxy 
and other interesting regions. Moreover, 
in the far infrared, the dust grains will 
also emit radiation and we should be 
able to learn more about their nature by 
studying their spectra in this region. 

Space telescopes will also contribute 
to answers to two important cosmological 
questions: Are planets observable around 
other stars, and are distant galaxies iden- 
tical to our own or do they show effects 
of time and distance? If there is a solar 
system such as ours around any of several 
of the nearest stars, it could be observed 
from a space telescope provided the tele- 
scope could maintain extremely accurate 
pointing for long periods of time. Pre- 
sumably our natural satellite, the Moon, 
will provide the best base of operations 
from which to look for such planets. 
The well-known red-shift, which shifts 
the spectrum of distant galaxies to the red 
by an amount proportional to the dis- 
tance (Fig. 4), means that for very distant 
objects we can observe from the surface of 
the Earth only those regions of the spec- 
trum which are unobservable in nearby 
galaxies. Space telescopes, with which ob- 
servations can be made over large wave- 
length ranges, will enable us to compare 
accurately the spectra of nearby and 
distant galaxies and determine if there 
are evolutionary differences between 
the two. Finally, the greater resolution of 
space telescopes will permit us to ob- 
serve galaxies at distances several times 
that which can be reached from a 200-in. 
telescope and thus may, at last, give us 
a glimpse of the edge of the universe. 
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Television and Lunar Exploration 


Television techniques are planned to aid in the exploration of the lunar surface, 
with emphasis on the obtaining of high-resolution pictures from an impacting 
probe. A television link back to Earth will permit controlled soft-landings on the 
Moon and subsequent surface examinations. The optics, the television and the 


communications parameters are considered. 


ie Moon has long been an object of 
scientific study. Recent technological 
advances, bringing closer the day of 
manned landings on the Moon, have 
served to heighten interest in it. The 
same technology has provided new means 
of studying the lunar surface and of 
giving answers to issues raised in past 
studies. 

Earth-based telescopes have been used 
in conjunction with spectroscopic anal- 
yses and other photographic techniques 
to provide a background of data on the 
lunar surface. In this way estimates of 
the surface characteristics have been 
made. The thick- 
ness of the surface dust and many geo- 
logical features are fairly well understood. 
Other features, such as lunar outgassing, 
crater origin and radioactivity, are still 


temperatures, the 


the subjects of conflicting theories. 
A rocket-launched 
would carry a television camera system 


payload which 
close enough to the Moon to obtain some 
high-resolution pictures would add some 
very useful data which might resolve some 
of the issues in question. The same pay- 
load instrumented with additional sensors 
can determine the temperature, magnetic 
field and radiation field. 

Later, landed vehicles will have the 
capability of some physical analysis of the 
lunar surface materials. Television will 
provide close viewing of the surface from 
such landed probes. 

This paper describes some of the prin- 
cipal television parameters for systems 
to be used in circumlunar probes, im- 
pacting probes and soft-landed probes. 


System Parameters 


Trajectory Data. The overall geometry 
of an Earth-Moon trajectory is illustrated 
in Fig. 1. Such a trajectory could be used 
for an impacting probe or a soft-landed 
probe, and with slight changes it would 
serve as a circumlunar trajectory for a 
payload to pass close around the Moon 
and return to the vicinity of the Earth. 

The Earth rotates during the flight of 
the payload, and the exact period of data 
transmission varies with the mission and 
the trajectory achieved. A 
number of ground stations are required to 


actually 
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provide coverage and assure complete re- 
Such already 
planned or built. 


ception. stations are 

For an impacting probe the part of the 
trajectory in the neighborhood of the 
Moon is the most important part for 
determining the number and type of pic- 
tures obtained. Figure 2 shows the time 
history of altitude and velocity for some 
trajectories starting with zero initial 
velocity at initial altitudes 
designated by Ao. Thus a rocket payload 
whose vertical velocity is brought to zero 
at an altitude of 500 miles above the lunar 


various 


surface would have a free-fall time to the 
surface of some 1500 sec. This time could 
be used for picture taking and trans- 
mission. The time spent on this same 
trajectory below an altitude of 100 miles 
is about 150 sec. Figure 3 shows that 
approximately one-fifth as much total 
time is available for picture taking below 
a 500-mile altitude if no retrorocket is 
used, 


Resolution. The resolution available in 
pictures of the Moon taken from the 
Earth’s surface is limited by the effects of 
the Earth’s atmosphere to about 2500 ft. 
At this level of detail only the gross fea- 
tures are discernible. Details important 
to manned landing cannot be resolved 
from the Earth’s surface. 

Figure 4 illustrates the range of resolu- 
tion attainable at different altitudes with 
an optical system designed for use with a 
vidicon camera tube in a space-vehicle 
environment. A resolution better than 50 
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ft is attainable with an impacting probe. 
With this detail available in a picture, 
many more features will be discernible, 
and it is hoped that the question of lunar 
crater origin can be settled. 

For a circumlunar probe which might 
approach as close as 1000 miles altitude 
from the Moon, the resolution will be 
better than 1000 ft. Thus pictures of the 
Moon’s normally out-of-view face would 
be available at a resolution better than 
pictures from an astronomical telescope 
on the Earth’s surface. 

The soft-landed probe would use its 
television at still better resolution since 
the close-up view would show complete 
detail 
important part of the control system dur- 
ing landing and during surface explora- 
tion, where good resolution is manda- 


rhe television system would be an 


tory. 


The time required to 
send one television picture from the 
Moon to the Earth is a function of the 
power and_ the 


Communications. 


available transmitter 
number of television lines per picture. 
For a 500-line picture and 600-w trans- 
mitter power, 1 min is required per 
picture. A 200-line picture would require 
about 10 sec with the same transmitter 
assumes crossed dipole 
antennas on the probe and a 60-ft 
diameter receiving antenna on the Earth. 
Later probes will take advantage of the 
power and time savings possible with the 
use of high-gain stabilized antennas on 
the probe. However, this paper assumes 
no such antenna gain. 

Other communication channels are 
needed for tracking, command control 
and telemetry. A beacon at 960 mc serves 
for telemetry and tracking. An available 
receiver would serve for the command 
function to control the probe during the 


power. This 


various phases of its operation. 


2.3 DAYS 
MOON 


5 DAYS 





Fig. 1. Earth to Moon impact trajectory. Legend: r = 4300 mi; ¢ = —108°; v = 35,000 


ft/sec; y = 14.2°. 
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Fig. 2. Free-fall trajectories in the vicinity of the Moon. N.M., 
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Fig. 3. Altitude-time history. 


Power Supply. 
probe can be a combination of 


Che power supply for a 
lunar 


cells and batteries or only batteries. 


Solal 


For long-term modest power drain, the 
‘ ; 


solar-cell, rechargeable battery com- 


bination is preferred. For a short-term, 


hig! 


power drain, a nonchargeable bat- 


tery is available with 


a capability of 
10 whi lb of cells 
Stabilization. The earliest lunar probes 


have been spin-stabilized. Later probes 


stabilized and capable of at- 


are to be 


taining an orientation along the local 


vertical of the lunar surface under the 


probe. This feature is important to the 


concept of the retrorocket retarded 


probe, the soft-landed probe, and _ is 
convenient in designing the camera sys- 


tem 


Impacting Probe 


With the above factors in mind it is 
now possible to discuss the results of a 
design study for an impacting lunar 
probe intended to give better than 50-ft 


resolution on at least one 500-line pic- 
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miles; ho, initial altitude; velocity (V), 


x 103 ft/sec; 


ture. Such a picture would cover about a 
5-mile square on the surface of the Moon. 
The highlights of this design are now 
discussed. 


Payload. 
primarily of an attitude-stabilized pack- 
age containing a television transmitter. 
In addition, there would be a command 
control 


The payload would consist 


receiver with associated cir- 
cuits for programming the system, and 
a beacon to supply tracking signals as well 
The vehicle 


would be properly directed and attitude 


as the desired telemetry. 
stabilized during its approach to the 
Moon. A lunar horizon scanner would be 
used to provide altitude information. In 
a different configuration it would also 
provide information for vehicle stabiliza- 
tion. During the approach period, be- 
ginning at an altitude of approximately 
5000 nautical miles, a few distant pic- 
tures would be taken on command from 
the Earth to furnish orientation informa- 
tion. 

The altitude information from the hori- 
would be automatically 


zon scanner 


sampled and transmitted by the tele- 
vision transmitter during the short period 
when the video information is not trans- 
mitted. This would give altitude coding 
information for each picture. Before reg- 
ular picture taking is programed, alti- 
tude information would be sampled on 
command, At the desired altitude, the 
retrorocket would be fired. Further pic- 
tures would not be taken until after burn- 
out, after which a sequence of pictures 
one minute apart would be taken. After 
storage in the tape recorder, playback 
would be slowed approximately 30-to-1 
to effect similar reduction of bandwidth 
and required transmitter power. Residual 
images would be ready for a new ex- 
posure when the one-minute playback 
A shutter would be used 
for smear minimization. With a vidicon 


is completed. 
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Fig. 4. 


sensitivity of 0.5 ft-c-sec, pictures with 
excellent signal-to-noise ratio should be 
obtained with the available lunar il- 
lumination. Since the Moon’s reflectivity 
may vary considerably depending upon 
the particular target area, a light sensor 
would provide the necessary information 
for altering the vidicon sensitivity by a 
factor of two in order to ensure, at all 
times, that the dynamic range of the vidi- 
con would not be exceeded. 


Television Camera. A block diagram of 
the camera system is shown in Fig. 5. 
The picture-taking function would be 
performed by a 4-in. vidicon. Magnetic 
deflection coils would be driven by tran- 
sistor amplifiers stabilized for temperature 
changes and designed to withstand 
rocket launching and space environment. 
Other circuitry would include a focus 
current regulator for maintaining con- 
stant current in the focusing coil; a dc-dc 
converter to provide vidicon operating 
voltages; a blanking amplifier for elim- 
inating the electron beam during deflec- 
tion retrace time; a shutter control cir- 
cuit for actuating the shutter at a pro- 
gramed interval, or upon command from 
the Earth; and a focus-control circuit 
which would be designed to correct 
errors in optical focus. The video signals 
from the vidicon would be amplified by a 
preamplifier mounted on the vidicon 
yoke, which in turn would feed a tran- 
sistorized video amplifier. This amplifier 
would include a circuit for restoring the 
d-c component followed by a d-c video 
amplifier for driving the tape-recorder 
modulator. These transistor circuits also 
would be stabilized and ruggedized. 

The vidicon raster would consist of 500 
scanning lines on a square format, 0.25 
in. on a side. By making the line rate 250 
cps and the frame time 2 sec, the required 
video bandwidth into the tape recorder 
would be 62.5 kc. A 30-to-1 reduction in 
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playback speed of the recorder would 
then result in a required transmission 
bandwidth of approximately 2 kc. 

The weight of this camera would be 
approximately 6 lb, and the power con- 
sumption would be less than 10 w. The 
circuitry and packaging could be very 
similar to that built for other space 
vehicles. Only a few design changes would 
be necessary to fit it into any short-term 
program. 


Optics. The optical requirements are 
rather severe since a picture of high 
ground resolution must be obtained at a 
relatively high altitude, which specifies a 
focal length of 8 in. or more. To ensure 
adequate vidicon illumination (if the 
camera happens to be directed at a dark 
area of the Moon) a relatively low T- 
number must be specified, which means 
that the lens will have a diameter near 
that of its focal length. This indicates a 
rather large lens, which must, in addi- 
tion, be ruggedized. The lens proposed is 
one for which the design has been com- 
pleted and a model already constructed. 
This lens has a T-number of 1.35 and a 
focal length of 8 in., and is of the catadi- 
optric type which combines reflective and 
refractive optical elements. It is designed 
to be mounted with a vidicon and in- 
cludes a focus motor for making in- 
cremental focusing adjustments. 

An average highlight brightness from 
the Moon of 1100 to 1200 ft-L is to be 
expected, but if a darker area is ap- 
proached, the highlight brightness might 
drop to a range of 300 to 500 ft-L. 
A scene brightness sensor will be provided 
which would furnish telemetering in- 
formation to Earth. For the conditions 
of maximum light, the vidicon sensitivity 
would be reduced by approximately 2-to- 
1, by reducing the target electrode voltage 
This would ensure that the scene bright- 
ness range.would vary through the more 
linear portion of the transfer character- 
istic. When a sequence of previous pic- 
tures had been taken, the scene bright- 
ness information would also be provided 
in this manner. 

The sensitivity of the vidicons which 
will be used is 0.05 ft-c-sec for the high- 
lights (upper portion of the transfer 
characteristic). A shuter will be pro- 
vided for image immobilization. This 
lens, whose effective aperture ratio T is 
1.35, will provide a faceplate illumi- 
nation of 41.2 ft-L with a highlight 
brightness of 300 ft-L. The shutter 
opening time will be 0.0012 sec. If a 
longer exposure should be permissible, 
such as 10 msec, the size of the lens 
could be reduced, or its focal length 
increased. Increasing the focal length 
would permit the taking of pictures with 
increased ground resolution. However, 
for a 10-msec exposure time, pitch and 
yaw correction to the stabilized plat- 
form could not exceed 2 or 3 milli- 
radians/sec (75 to 125 milliradians /sec 
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Fig. 5. The camera system. 


along the roll axis). At the same time, 
assurance that the velocity vector would 
be along the nadir must be made. For 
a permissible smear of one-half of a 
television line, the lateral component 
of velocity should not exceed 1000 ft/sec; 
with a shutter speed of 1 msec, it could 
be 10,000 ft/sec. This is based on the 
altitude for the final picture of 50 
nautical miles. For purposes of preliminary 
analysis it is assumed that the lateral com- 
ponent of velocity will be less than 
5000 ft/sec. A shutter speed of ap- 
proximately 2 msec is proposed. This 
gives some factor of safety in the exposure 
figures. 

Tape Recorder. The tape recorder 
(Figure 6) will be a modification of a 
present design being used in a satellite 
project. A dual-speed motor will be 
provided to produce a tape speed of 
60 in./sec for recording and 2 in./sec 
for readout. The electronic circuitry 
will be transistorized and will consist 
of an FM modulator, using a carrier 
frequency of 85 kc, and the usual transis- 
torized signal amplifiers. Control of the 
fast-record, slow-readout recorder can 
be vested in the recorder itself. It will 
use a simple position code on the ends of 
the tape to enable the machine to recog- 
nize that it has reached the end of the 
tape, and to identify the end which has 
been reached. The same sensing mecha- 
nism could be used to program the 
camera-recorder-transmitter system. A 
control signal from the command re- 
ceiver or clock would start the camera 
and recorder in the recording cycle. 
When the tape reached its end, the 
camera video would be switched off and 
the transmitter turned on. At the same 
time, the recorder would be reversed and 
operated at the lower speed. When the 
other tape extreme was reached, the 
transmitter input would be switched to 
the altitude sensor, and the camera 
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shutter operated, after which the re- 
corder would again repeat its record 
cycle. This sequence would continue 
until impact or until commanded to stop. 

The total weight of the recorder and 
circuitry, including the cover, would be 
12.5 lb. Power ‘consumption would be 
approximately 25 w. 


Television Transmitter. The transmitter 
system would consist of a commercially 
available transmitter-exciter unit weigh- 
ing about 1 lb followed by an inter- 
mediate power amplifier, also commer- 
cially available, which weighs 1.5 Ib. 
Ihe frequency will be in the 240-mc 
region. In order to deliver a signal to the 
Earth with a 2-kc bandwidth, trans- 
mitter power into crossed dipoles must 
be approximately 600 w. A 60-ft dish 
will be used on the Earth. A 600-w 
power amplifier of this nature is not 
available but can be 
readily designed. It would use two 
Type-4CX300 which 
necessarily have special cooling means to 


commercially 


tubes would 


operate in the environment. 
A heat sink consisting of about 7 lb of 
water will be used. Water has a high 


Space 


specific heat and offers a medium for 
rapidly removing heat from the highly 
concentrated hot area. This heat sink 
will be placed inboard to maintain the 
temperature above freezing during the 
nonoperating part of the space flight. 
The temperature rise would be from 
62 F to 212 F. The transmitter will 
require a dc-dc converter. The total 
input power would be about 1500 w. 


Command Receiver. The command re- 
ceiver would be of a type currently 
available for space vehicles. 

Beacon and Telemetry Transmitter. In 
order to obtain the required gain from 
the 60-ft dish, a high-frequency transmit- 
ter in the 960-mc band will be used. 
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Fig. 6. Tape recorder. 

This type of beacon has been successfully 
employed by National Aeronautics and 
Space Adm. and the Jet Propulsion Lab- 
oratory in previous space flights. Its use 
ground-station 


would utilize existing 


equipment 
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Fig. 7. Horizon sensor. 
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Clock and Control Circuits. The clock 
would furnish all timing functions not 
supplied by command from the ground. 
It would supply synchronization pulses 
for the camera and control pulses to the 
switching circuitry. Its design would 


ROTATING HEAD WITH 
4 SEPARATE OPTICAL 
SYSTEMS 











X 


SINGLE AXIS SCANNER 
(TWO REQUIRED) 


vary, depending upon the desired 
program functions. Again, it would use 
stabilized transistor circuits. The control 
circuitry would handle both programed 
and command switching. 


Infrared Scanner. The scanners described 
here were designed for the lunar probe 
to provide error signals for the stabiliza- 
tion system and range data for firing the 
retrorockets (at approximately 500 miles) ; 
simpler systems could be suggested 
if only range data are required. One 
narrow beam scans across the front of 
the vehicle through a 90° arc; the initial 
time and the final time that the Moon 
image is in the beam are accurately 
determined. If these points are not 
equally spaced from the longitudinal 
axis, an appropriate error signal is gener- 
ated. The total time the Moon is scanned 
is a measure of the apparent Moon 
diameter, which corresponds to a given 
range; when a predetermined diameter 
has been reached, the retrorockets can be 
automatically fired. A second scanner 
operates in a similar manner at right 
angles to the first; the two scanners 
thus measure both the pitch and yaw. 
The infrared scanners are 
enough to detect the edge of the Moon 
even though the edge is not illuminated 
by the Sun (Fig. 7). 

The angular width of the Moon from 
horizon to horizon is a measure of the 
altitude, since the Moon’s radius is 
known. The accuracy of the measure- 
ment therefore affects the accuracy of 
determining the altitude. The scanner 
also generates signals for steering the 
longitudinal axis of the vehicle to the 
local vertical. The errors in sensing the 
center point of the scan along with 
certain steering errors will determine the 
accuracy of the stabilization to the local 
vertical. Any off-vertical component 
will affect the accuracy of altitude 
determination. 

An error analysis accounting for these 
sources of error is included below. 

The approximate weight of the scan- 
ning system would be 10 Ib, its volume 
150 cu in., and its power requirement 
20 w. Table I gives the main char- 
acteristics of the scanner. 


sensitive 


Power Supplies. Power will be supplied 
by chemical batteries. The total power 
requirement will be approximately 
1550 w. Assuming an operation time of 


one-half hour, a 775-whr capacity will 
be required. 


Weights. Table II indicates weight and 
power for various units. The total 
weight of the electronics package is 
estimated to be about 142 lb, not in- 
cluding payload framework. 


Ground-Station Equipments. Two receivers 
would work from a 60-ft dish. The tele- 
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Table I. Infrared 


Scanner, 


Specifications of 


Detector Element 
Type: Thermistor Bolometer 
Size: 2 KX 2 mm 
Noise equivalent power (NEP): 8 X 
107° w 
Time constant: 2.5 mse« 
Opti s 
Type: Cassagrain 
Diameter: 4.5 cm 
F-number: 1.0 
Field of view: 2.5 
Focal length: 4.5 cm 
Scanner 
Scanned field: 90°/element 
Elements/scanner: 4 
Scan speed: 3 rpm 
Scan time: 5 sec/element 
Signal amplifier 
Bandwidth: 100 
fe: 20 cps 
f\: 0.2 cps 


fo: 2 cps 


vision receiver would operate in the 
240-mc band and would consist of a 
parametric preamplifier and_ receiver. 
[he beacon receiver in the 960-mc band 
would be of the type currently used by 
NASA. This receiver would operate the 
telemetry recorder. 


A_ vehicle would 
deliver command signals to the command 


programing unit 


transmitter for giving instructions to the 
control circuits in the vehicle. 

The video signals from the television 
receiver would pass into the FM de- 
modulator which would demodulate the 
2.3-kc introduced by the 
tape-recorder circuitry in the vehicle. 
[he television display would be pro- 
duced on a slow-scan ultraviolet monitor, 
which in conjunction with a film camera 
would record the lunar pictures. The 
would have a 


subcarrier 


camera film strip 
sufficiently rapid pulldown mechanism 
to prevent the loss of any pictures. 
The signals would also be recorded on a 
tape recorder as a_ back-up device. 
Its output could be played into the de- 
modulator and film recorder for photo- 
graphic copy. This type of equipment 
has already been designed and built for a 
satellite project. 

The altitude information 
lunar altitude sensor would be multi- 
plexed with the television signal and 
would be transmitted upon command or 


from the 


in a programed fashion so that it could 
be transmitted during the record cycle of 
the tape recorder. A counting type of 
measurement would be made to de- 
termine the portion of the scan cycle 


Spaulding: 


subtended by the lunar horizons. This 
tvpe of equipment is also in use in a 
satellite project. 

Three ground stations would be needed: 
at Cape Goldstone and 
Hawaii. These stations are so spaced 


Canaveral, 


over a sufficient portion of the earth 
that, assuming that the shot is timed 
properly, at least one of them will be in 
a line-of-sight position with reference to 
the Moon at the time of approaching 
impact. 

Alternate Approach. The retrorocket 
retarded payload is one approach to the 
impact probe. This would be a logical 
soft-landed _ probe. 
However, another possible approach is to 


forerunner of a 


use an impacting probe with no slow- 
down capability. In such a case, less 
time is available for picture taking and 
transmission during the fall from a 
given altitude. 

One way to rearrange the parameters 
and still obtain as different 
pictures at equivalent resolution would 


many 


be to reduce the area scanned in any one 
picture by 5-to-1. This would 
compensate for the reduced time avail- 
able indicated in Fig. 3. The remainder 
of the payload would remain the same. 
Another possibility would be to change 
the optics by reducing the focal length 


about 


at constant f-number to achieve a factor 
of about five, an increase in the area 
covered per picture with subsequent loss 
in resolution. This would result in a 
simpler and lighter optical system but 
would not hold the promise for potential 
application of the design to other probes 
as does the longer-focal-length system. 


Circumlunar Probe 


The same payload used for an impact- 
ing probe could be adapted to a circum- 
lunar pass. The storage of the magnetic 
tape could be increased to hold 150 
pictures. The pictures would be taken as 
the probe circled the Moon and would be 
stored until the probe vehicle had re- 
turned closer than 100,000 miles from the 
Earth. The gain of 2.4 in range would 
allow a 5-to-1 reduction in the power of 
the transmitter and thus enable 150 
pictures to be returned at the battery 
weight cited in Table II for the impacting 
probe. The pictures would take 2} hr 
to send. During this time the probe 
vehicle would travel a distance of about 
10,000 miles closer to the Earth. 

Therefore, with simple design changes 
in the tape recorder and the transmitter, 
the same payload would serve to obtain 
150 pictures of the Moon’s hidden face 
and return them for recording and 
analysis on Earth. If the perilunar al- 
titude were 500 miles, the resolution 
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Table Il. Power-Weight Chart. 
Weight, Power, 
Unit 





Camera 
Optics 
Tape recorder 
Transmitter 
Intermediate 
amplifier (IPA) 
D-c converter for d-c—d-c 
transmitter and IPA. 
Power amplifier (PA)... 
Cooling 
D-c converter for PA.. 
Command receiver. 
Beacon transmitter 
Batteries. 
Telemetry 
Cables and brackets 
Clock and controls 
Lens focus control 
Retrorocket control. 
Lunar-horizon sensor 


power 


lotals: 


would be 
would be 25 miles X 25 miles. 


250 ft and the picture size 


Soft-Landed Probe 


rhe soft-landed lunar probe is one in 
which the. landing velocity is controlled 
bv rockets to enable a landing to be made 
at low speed. While the general control 
of the landing phase would be left to 
Doppler inertial elements in the probe 
vehicle, the monitoring of the landing 
would be done with an on-board tele- 
vision system. 

The pictures sent down as the vehicle 
hovers or drops slowly should have 
sufficient detail at low altitudes to show 
up any landing hazards or especially 
desirable areas. The system described 
above for the impacting probe would 
serve well as a landing control monitor 
system. The resolution at one-mile 
altitude would be about $ ft. 

Once the vehicle is landed, the same 
television system can be used to scan the 
nearby lunar surface at very good resolu- 
tion. The television can also monitor 
the progress of any exploration vehicles 
sent out from the probe to explore the sur- 
face physically. 


Summary 

A single design of a high-resolution 
camera system can serve as a_ basic 
element in a number of different lunar 
exploration missions. The design dis- 
cussed here is based on an optical design, 
a television camera, a recorder, a trans- 
mitter, power supplies, beacon and con- 
trol elements which have all been de- 
signed and built. Only modest effort is 
required to make the changes necessary 
for the missions discussed. 





Space Technology and Image Sensing: 


Summary and Conclusions 


A SUMMARY and a few concluding re- 


marks are in order after these papers of 


the Space Technology and Image Sens- 
ing Sessions. I should like to comment 
briefly on the papers previously presented 
and highlight those items which I feel 
are of the most specific interest to mem- 
bers of SMPTE. 

Optical tracking is the most accurate 
of the tracking methods for determining 
satellite orbits. Its limitations are pri- 
marily in acquiring the satellite, due to 
limited field-of-view, bad weather, and 
background radiation. However, it is 
true that, in regard to many of the orbits 
of our early satellite vehicles, we de- 
pended heavily on our world-wide optical 
net in order to establish the orbital pa- 
rameters. The theodolites used at AF MTC 
in Florida in order to obtain tracking 
data on the Sputniks are subject to im- 
provement because of certain short- 
comings: (1) The process of data reduc- 
tion and computation in converting from 
film to orbital parameters is too lengthy, 
usefulness. 


and, therefore, of limited 


Television scanning for automatic co- 
helpful (2 


Telescopes now used for acquisition have 
a3to4 


ordinate readout may be ) 


field-of-view. This should be 
increased to 20 to 30° for greater light- 
gathering capacity. Here electronic im- 
age-intensifier tubes would be applicable 

In the paper by Mr. Johnson, we see 
that satellite image-sensing systems are 
presently being developed for applica- 
tion to meteorology. These include tele- 
vision systems using }-in. vidicon pickup 
tubes with resolutions of 500 lines/frame 
and sensitivity of 0.01 ft-c-sec for dav- 
light observation. This sensitivity is ade- 
quate for daylight viewing of reflected 
white light. However, for viewing at 
night under starlight, we may require a 
sensitivity in the order of 0.0001 ft-c-sec. 
Image-conversion tubes using electronic 


iperture scan are operable in the white- 


on October 6, 1959, at the Society’s 

tion in New York City, by Sidney Stern- 

stro-Electronic Products Div., Radio 
America, Princeton, N.J 


light regions, perhaps up to 0.7 to 0.8 yu 
but in the region of longer wavelengths 
of 8 to 30 w or even 50 y, the thermistor 
used as a direct scanning-spot device ap- 
pears to be the only way of imaging 
these longer wavelengths. 

With regard to the environment and 
how it would affect the various types of 
sensing instruments that would be used, 
I believe that the browning of optical 
glass by long exposures to space radiation 
is a problem. We must be concerned 
about the effect of ultraviolet and shorter- 
wavelength radiations on our optical 
systems. Meteorite damage during long 
exposure is also an important factor. 
The extreme sensitivity of the electronic 
imaging devices to variations in tempera- 
ture must be improved. Vidicons will 
operate satisfactorily between 20 and 40 
C. Outside of these ranges there will be a 
degradation in the image quality. The 
ranges of thermal environments in outer 
space that equipment must withstand 
will, I believe, be much greater than this, 
no matter how carefully we try to control 
the temperature of the satellite itself. 
It is rather significant to note that photo- 
conductors and emitter devices are not 
sensitivie to cosmic radiation. Such de- 
vices, as mentioned in one paper, have 
been tested under a field of 250 roent- 
gens (one mev) of x-ray energy per hour 
without deleterious effects. On the other 
hand, silver halide, as we know, is an 
excellent detector of cosmic radiation 

Another area of extreme importance 
is that of communications. As Dr. Roman 
mentions in her paper, we probably will 
not be able to use photographic film, 
which must be physically recovered, but 
will have to depend upon electronic 
tubes and conversion to video signals in 
order to transmit the information back 
to the Earth. Carrier frequencies will 
probably lie between 150 mc and 10,000 
mc, to minimize noise. Full bandwidth 
scanning will probably not be possible, 
and slow-speed scanning apertures will 
be necessary in the longer space probes 
in order to reduce bandwidths, and to 
maintain adequate signal-to-noise ratios 
for available power. Perhaps even some 


By SIDNEY STERNBERG 
Topic Chairman 


limited filtration and data processing 
may be possible prior to placing the 
scanned information on the communica- 
tions link. 

Many new developments are badly 
needed; the electrostatic phototape de- 
velopment that has been reported is 
extremely significant. The instruments 
that we know, such as magnetic-tape 
recorders, flying-spot scanners, even tele- 
vision tubes, as currently constituted, 
will not be sufficient to carry out the ex- 
perimentation that scientific people 
would like to conduct in outer space. 
There are many uses in space technology 
for the skills and equipment represented 
by the SMPTE. I would like to empha- 
size a phrase Dr. Friedman used — 
“There is nothing as real as a picture.” 
If we define image sensing as the de- 
tection of images that are both reflected 
and radiated over a broad spectrum, 
image sensing in many forms will be our 
most prevalent and important payload 
in the exploration of space as well as 
of our own planet. 

[he engineer who has in the past con- 
tributed through research, development 
and production to the perfection of the 
technology of television, I believe, must 
now return to the laboratory in order to 
develop new imaging systems for outer- 
space exploration. Broadcast standards 
will no longer hold for space use. Greater 
sensitivity, higher resolution, broader 
spectral response, more gray levels, a 
variety of frame rates 
unnecessary for present uses 


requirements 
- will be- 
come essential in space image sensing. 
A new environment of radiant-heat con- 
trol, of cosmic rays, of vacuums lower in 
pressure than any we are presently 
achieving in our so-called vacuum pickup 
tubes an environment where solid 
metals boil away and become vapors — 
will require new technology to handle its 
new problems and to make use of its 
advantages. I predict the developmen: of 
a distinct and different array of image- 
sensing devices from our space efforts in 
the next ten years, and a most interesting 
professional experience, particularly for 
the members of SMPTE. 
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The Technical Motion Picture 


as a Means of Communication 


Development of new techniques for the production of low-budget, fast-process 
motion pictures has made the use of film of practical importance to business firms 
for interdepartmental communiques, presentation of reports and other purposes. 
The use of technical films by International Business Machines Corp. is discussed. 


| ee Business Machines Corp. 
is producing low-budget, fast-process 
motion pictures depicting many of its 
engineering and research projects. Made 
at several laboratory locations, the films 
are shown to technical personnel 
throughout the company to improve 
communication and stimulate interest. 
The films have been enthusiastically 
welcomed by company engineers and 
scientists who find them a great help in 
keeping currently informed on new de- 
vices, ideas and processes being developed 
by their colleagues at the various labora- 
tories. 

Ihe intent of the engineering motion 
pictures is to supplement other means of 
communication among company engi- 
neers. Technical reports, bibliographies, 
library bulletins, personal visits, tech- 
nical displays and scientific publications 
such as the JBM Journal of Research and 
Development continue to carry the great 
mass of technical information; but a 
motion picture is worth ten thousand 
words, especially if it can be produced 
rapidly and at low cost. 

In the past, technical films of this na- 
ture have taken as long as six months to 
produce ; consequently, by screening time 
they were apt to be stale and uninterest- 
ing, even though of excellent quality. To 
effect a welcome change, the film-making 
group in IBM has developed new tech- 
niques enabling them to produce a com- 
plete film, with synchronous sound, in 
two weeks, so that current and timely 
subject information is disseminated 
among engineering groups throughout 
the company within a month. This keeps 
the engineers in close touch with re- 
lated activities and keeps management, 
patent people, and other interested par- 
ties abreast of the latest developments. 

[The “‘you are there” approach has 
been used in making the films close- 
ups of people at work with their equip- 
ment. Figure 1 shows an engineer point- 


A contribution submitted on July 7, 1959, by 
Marge ‘ie Brislin, IBM Product Development 
Laboratory, Poughkeepsie, N. Y 
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ing out a wave shape on an oscilloscope. 
Each film, of about twenty minutes’ dura- 
tion, contains seven to ten subjects. 
After a subject has been selected and a 
draft for the presentation has been pre- 
pared by the script writer in cooperation 
with the engineer, the engineer faces the 
camera in his own project area. Re- 
hearsals are not held because they tend 
to make the ‘‘actors’’ nervous and stiff. 

Ihe engineer explains and demon- 
strates each point with the aid of charts, 
blackboards, oscilloscope displays, and 
models — using the prepared script only 
as a guide to insure covering all points, 
and not necessarily using its exact word- 
ing. Simple animation techniques have 
been devised for use in explaining in- 
ternal machine operations. Each scene 
may be re-shot to obtain the desired 
effect. The whole process — script prep- 
aration, discussion, setting up, shooting 
— rarely takes up more than four hours 
of an engineer’s time. 


One of the significant benefits of this 


By MARGE T. BRISLIN 


type of film presentation is the contact 
it effects between the presenting engineer 
and the viewers. The film establishes a 
closer acquaintanceship among col- 
leagues who may never see each other 
personally; and, as many engineers have 
commented, it facilitates meetings when 
they do take place. In addition, the films 
provide another vehicle for personal 
recognition of the contributing engineers 
and their areas, as well as an incentive for 
possible future presentations by the 
viewers. 

lechnically significant in the produc- 
tion of these films is the development of 
the single-system technique — sound and 
pictures are exposed on the same film 
simultaneously. Furthermore, this tech- 
nique has been developed in such a way 
as to make it possible to cut and edit the 
film and still have the pictures and sound 
coordinated. This one technique is the 
biggest time and expense saver in the 
processing of these films. The cost is low, 
and there are considerable indirect sav- 
ings in travel and other communications 
expenses. 

In a typical film, one subject may have 
as many as eight scenes, and the action 
is planned with a transition between each 
scene. The camera crew (Fig. 2) consists 


of two or three persons: a Cameraman 


Fig. 1. Engineer points to wave shape on oscilloscope during filming of 


technical motion picture. 
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Fig. 2. Camera crew at work. Author (seated right) is 


acting as director. 


and a 


writer-director who may also 
operate the sound equipment or, if not, 
a third person to handle this equip- 
ment 

Since filming is done in project areas, 
control of shooting time and 


caretul 
high-quality, dependable equipment are 
essential The camera 1S a single-system 
\uricon Super 1200 with a ground-glass 
focusing system which permits focusing 
the lens for close-ups This sys- 
ecords the soundtrack on the film 
aneously with the picture. The 

film used is Du Pont High-Speed Rapid 
Reversal Motion Picture Film 931A 
Editing, then, is just a matter of splicing 
tkes together to achieve a com- 


\ Pan-Cinor 


tachment allows continuous move- 


icture with sound 


1 a wide-angle shot at 17mm to 
shot at 70mm, while main- 
is. This type of shot is visually 


1 permits a close look at de- 


day's engineer is imped with 
il designed to keep him abreast of 
ents in his field. Filming reports 


ise this burden, and IBM has 
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Fig. 3. Group of engineers viewing technical motion picture. 


Fig. 4. Executive views technical motion picture on projection cabinet. 


found this a satisfactory method of cover- 


ing a variety of subjects in a short time 


Figure 3 shows a typical group of engi- 


neers viewing a technical film 

A significant sidelight of the technical 
film program is the development of a 
projection cabinet built in an IBM model 


shop. A busy executive may find it in- 


convenient to set aside 20 minutes of un- 
interrupted time to view a motion pic- 
ture. The projection cabinet enables him 
to view the film by lifting the lid of the 
cabinet and turning a switch (Fig. 4). 
The film is projected on a screen inside 
the lid and the picture can be turned on 


or off as the viewer wishes. 
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Proposed SMPTE Recommended Practice criticism. All comments should be sent to J. Howard Schu- 

macher, Staff Engineer, prior to May 15, 1960. If no adverse 

A Proposed SMPTE Recommended Practice, Density and comments are received, the proposal will then be submitted 

Contrast Range of Monochrome Films and Slides for Tele- to the Society’s Board of Governors for approval as an SMPTE 
vision, is published here for a three-month period of trial and Recommended Practice. — J.H.S. 


Proposed SMPTE Recommended Practice RP 7 
Density and Contrast Range of Monochrome 


Films and Slides for Television 


Introduction 

This Recommended Practice originated in the Prints for Television Subcommittee of the Television Committee. The purpose of 
the recommendation is to promote uniform, high, technical quality of television programs on films and slides by specifying density 
values which are most desirable for effective television transmission. 

Although this Recommended Practice is suitable for the iconoscope as well as the vidicon, the density requirements have been 
chosen primarily for a vidicon camera chain having an overall gamma of 0.4. This value includes the vidicon with its gamma of 
approximately 0.65. It correctly compensates for a normal receiver kinescope with a gamma of 2.5. The recommended values are 
intended to produce the best picture on the home receiver. The achievement of optimum picture reproduction requires not only 
proper print quality and density but also the cooperation of the artist, production directors and technicians in matters such as make- 
up, composition, lighting, and exposure of negative as well as proper adjustment of the television system. It has been the experience of 
the members of the committee that any attempt to correct for shortcomings in one step by introducing nonstandard techniques in 


another, will usually result disadvantageously. 


Recommendations 2. The following Society-sponsored American Standards 
1. Scope apply to the dimensional values for film and slides for tele- 
1.1 This recommendation specifies important density values 
of black-and-white 16 and 35mm motion-picture film (a) Picture Area Votion-Picture Film. The television pic- 

ture area of 35mm and 16mm motion-picture film shall be in 
accordance with American Standard ‘Television’ Picture 
2. Density Requirements Area 35mm Motion-Picture Film, PH22.95-1954, and 
2.1 The density of significant highlight areas shall have a Television Picture Area 16mm _ Motion-Picture Film, 
normal value of 0.4 and shall be not less than 0.3 for PH22.96-1954. or the latest revisions thereof approved by 


optimum reproduction in the television system. the American Standards Association, Incorporated. 


vision : 


and slides intended for television transmission. 


Ihe density of the darkest significant areas shall have a ; : a 
(b) Soundtrack. The photographic sound record on 35mm 
and 16mm motion-picture prints shall be in accordance with 
‘ ; ; : # American Standard Photographic Sound Record on 35mm 
intently than other picture areas, shall be in the range a7 tei a . 

; . se : Prints, PH22.40-1957, and Photographic Sound Record on 

of 0.60 to 0.80 unless special effects are desired. These ; os ae 
16mm Prints, PH22.41-1957, or the latest revisions thereof 


approved by the American Standards Association, Incorpo- 


normal value of 1.9 and be not greater than 2.0. 
The density of human faces, usually observed more 


densit; values are important in order to preserve the 
proper density relationships between face tones and sub- 
jective whites in the scenes. rated. 

Ihe method of density measurement shall be in accord- (c) Film Dimensions. 
ance with American Standard Method of Determining etc., shall be in conformance with American 
Transmission Density of Motion Picture Film, PH22.27- SMPTE Recommended Practices.* 


Che film width, perforations, sprockets, 
Standards or 


1947, or the latest revision thereof approved by the or . , , : pe . 

Mod re latest = L. Asie , (d) Television Slides. The dimensions of slides to be used for 
American Standards Association, Incorporated. _ ea : ey ; } aa 

television transmission shall be in accordance with American 

Standard Slides and Opaques for Television Film Camera 

Notes: Chains, PH22.94-1954, or the latest revision thereof approved 


” Se De a by the American Standards Association, Incorporated. 
1. It is recommended that proper laboratory practice and ; 


care be employed in making negatives and positives to mini- 
mize spots, streaks, scratches or other physical defects. 


* A complete Standards Index is available from Society Headquarters. 
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87th Semiannual Convention and Equipment Exhibit 
May 1—7, 1960, Ambassador Hotel, Los Angeles 


Convention Theme: New Techniques for 
Films, Television and Video Tapes 


Herbert E. Farmer is Chair- 
man of the Papers Program 
which by the first of the year 
was already being brought into 
form. Fopics and Topi 
Chairmen were listed in the 
November 1959 issue of the 
Journal (p. 772). There is a 
possibility that additional topics 
may be developed. The Ad- 
vance Program will appear in 
the March Journal. 
Note to prospective authors 
Chere is very little time, indeed, 
almost no time at all, before 
Author Forms must be in the hands of the Program Chair- 
nan. February 15 is the deadline. So it is most important 
hat all Author Forms be submitted to the appropriate Topic 
Chairman or to Program Chairman Herbert E. Farmer, c/o 
Cinema, Univ. of Southern Calif., Los Angeles 7, before that 
d it¢ 
Ralph E. Lovell, Chairman for the topic of television record- 
ing, has reported that a paper on “‘Thermoplastic Recording” 
is expected to be presented by Dr. W. E. Glenn of General 
Electric. A brief story on this new development appears in the 
New Products column of this issue of the Journal. Dr. Glenn 
will describe the technical details of this process, the announce- 
ment of which has aroused wide speculation as to its signifi- 
cance and future applications 
Another event of considerable interest to members will be 


presentation of a progress report on Video-Tape Standardiza- 


The Ambassador Hotel, scene of 
several of the Society’s most 
successful Conventions, has been 
chosen as the fitting environment 
for the 87th Convention. . . 

a Convention which, even at this 


early date, has great promises. 


tion by Charles Anderson of Ampex. Other papers on tele- 
vision subjects are expected to deal with color recording 
machines and various aspects of photographic recording. 
Papers on educational television are expected to deal with the 
technical details of educational TV installations. 

The motion-picture short subjects, which supplement and 
enhance the Papers Program, will be arranged by William E. 
Gephart, Jr., General Film Laboratories. 


Krafft A. Ehricke 
Guest Speaker 


An important announcement from SMPTE President 
Norwood L. Simmons is that a distinguished guest speaker, 
Krafft A. Ehricke, of Convair Astronautics, will deliver an 
address at the Evening Session of Space Age Motion Pictures. 
He is expected to speak on “‘Photoreconnaissance of Our Solar 
System.”’ The Evening Session will be one of general interest 
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following a day-long presentation of papers on subjects related 
to the Space Age. This day-and-evening Session is currently 
planned for Tuesday, May 3. Papers are being assembled and 
details arranged under the guidance of Topic Chairman 
Lloyd T. Goldsmith. 

Mr. Ehricke is Director of the Vega and Centaur upper- 
stage rocket programs for Convair (Astronautics) Division of 
General Dynamics Corp. A native of Germany, he helped 
develop the German V-2 ballistic missile during World War IT. 
When the war ended, he came to the United States to partici- 
pate in the U.S. Army’s missile and rocket development 
program. He has been associated with Convair since 1954. 
He is a consultant to the Office of the Secretary of Defense and 
a member of the Research Advisory Committee on Electric 
Power Plant Systems of the National Aeronautics and Space 
Administration. In addition to his other activities he is now 
working on a three-volume textbook on space flight. 


Convention Committee Appointments 
Robert G. Hufford is Local 


Arrangements Chairman. The 
roster of chairmen which Mr. 
Hufford has worked out for 
putting on the Convention 
include those listed below as 
already appointed by Conven- 
tion Vice-President Reid H. 
Ray. 
Local Arrangements  Vice- 
Chairman: Ralph E. Lovell, 
NBC 
Administrative Assistants: Ed- 
ward P. Ancona, Motion Picture 
Research Council; Howard R. 
Bell, Mole-Richardson Co.; 
Robert W. Bishop, Eastman Kodak Co.; Glenn R. Osborn, 
USAF; John G. Stott, Eastman Kodak Co. 


Banquet: G. Carleion Hunt, General Film Laboratories 
Exhibits: Harry Teitelbaum, Hollywood Film Co 

Hospitality: Theodore B. Grenier, American Broadcasting Co. 
Hotel Arrangements: Dennis F. Godfrey, W. J. German, Inc. 


Since the last report on Fifth 


International Congress activity 


wus ONG Rey 


{ was published in the December 


Journal, considerable progress has 


OW Wigu-speea puyruen®™* been made, particularly in the 


coordination of efforts of Con- 
gress planners in the various participating countries. Author forms 
are available from Society headquarters and Chairmen previously 
listed. 

Appointment of an additional Topic Chairman has been an- 
nounced. The new Chairman is Vernon E. Taylor of the Na- 
tional Institutes of Health. This appointment is of particular in- 
terest because of the importance of high-speed photography as a 
tool of medical research. Considerable planning has been di- 
rected toward emphasizing this application of high-speed photog- 
raphy and papers on this subject are expected to attract sub- 
stantial interest from the general public as well as from practi- 
tioners in the field. Mr. Taylor is also President of the Maryland 
Industrial Photographers Association 

Even at this early date, the spirit of cooperation and enthusiasm 
evident from a number of sources has been gratifying. A French 
publication, Mesures © Controle Industriel published, in its Novem- 
ber issue, a most attractive story on the Congress; and in a number 


of ways from a number of countries expressions of interest and 





The Convention Equipment Exhibit 


Plans for the Exhibit are well underway due to the 
energetic leadership of Chairman Harry Teitelbaum. 
The next report on 87th Convention plans will discuss 
the forthcoming exhibit in more detail. Detailed in- 
formation will soon be in printed form and available 
from Society headquarters and from Harry Teitel- 
baum, c/o Hollywood Film Co., 956 Seward St., 
Hollywood 38. 











Ladies Program: Mrs. Robert G. Hufford and Mrs. Norwood L. 
Simmons 

Luncheon: Alan M. Gundelfinger, Technicolor Corp. 

Membership: Harry J. Lehman, Cine-Tel Productions 

Projection: Don V. Kloepfel, General Film Laboratories 

Public Address and Recording: Whilliam H. Stutz, Magnasyn« 
Mfg. Co. 

Publicity: Jack Goetz, Consolidated Film Laboratories 

I'ransportation: Russ Landers, General Film Laboratories 

Auditors: Arthur Johnson, Pathe Labs Inc.; Richard S. Rogers, 

Consolidated Film Laboratories 

Registration: Arthur Jacobs, Jack Wrather Productions; Robert 

Creamer, General Film Laboratories 


Rates and Reservations information will be included in the 
Convention announcement which will be mailed to all mem- 
bers within the next month. Cards for hotel reservations and 
pre-registration for the Convention will be included in this 
mailing. Another item relevant to rates concerns the 7/960 
Annual Conference of the Society of Photographic Scientists and Engi- 
neers which will be held May 9-13 at the Hotel Miramar in 
Santa Monica. The Society and the SPSE society are privi- 
leged to attend the convention of the other on a membership 
basis in respect to registration rates. 


anticipation have been received. It is expected that at least twenty 
countries will be represented at the Congress. 

One change in the roster of delegates (September Journal, p. 
638) should be noted. Dr. R. F. Saxe, Hon. Secretary, National 
Committee for High Speed Photography, Queen Mary College, 
Mile End Rd., London, E.1, replaces W. D. Chesterman as the 
Delegate from Great Britain. 


™ Max Beard, chairman of the Fifth 
; International Congress, has been pre- 
sented the Meritorious Civilian Service 
Award of the U. S. Navy in recognition 
of “unusual skill and leadership in 
directing the operations of the Photo- 
graphic Division’ of the U. S. Naval 
Ordnance Laboratory. The Citation 
accompanying the Award notes that 
Mr. Beard’s “efforts have resulted in 
valuable and continuing contributions 
to the Laboratory’s development, re- 
search and evaluation programs.” It 
also notes his “initiative, resourcefulness and foresight’ in de- 
veloping “a highly flexible program of providing specialized 
photographic techniques and complete photographic instrumenta- 
tion systems to meet the Laboratory’s varied demands.” 


iF 
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Education, Industry News 





A $7-million experiment in educational 


television began late in October when 
Purdue University, Lafayette, Ind., filed 
application with the FCC for the Mid- 
west Council on Airborne TV Instruction 
(MCATI 


Digest, Nov. 2, 1959, plans are to transmit 


As reported by the Television 


on channels 72 and 78 for standard TV 
signals and channels 75 and 76 for narrow- 
band 3-mc for the time being. All air- 
borne transmitters will be 12 kw, each 
feeding into a separate omnidirectional 
antenna. Signals will be sent to the plane 
from Purdue by 12-kw transmitters (28.2- 
kw ERP)—channels 41 and 47 for standard 
transmission and channels 53 and 59 for 
narrowband. Of the hundreds of schools to 
participate in the test, 10 will have special 
narrowband receivers. Two DC-7 planes 
will be used, one of them as a standby 
Che transmitting plane will travel in a 
10-mile radius, circling 23,000 ft above 
Montpelier, Ind 140 


Purdue campus 


miles from the 


An interesting aspect of the program is 
spe ctrum conservation Engineers who pre- 
pared the application stated: “*The broad- 
cast of six programs on separate standard 
6-mec channels would require the use of a 
total of 36 mc of spectrum space by each 
facility and might preclude the use of ad- 
ditional spectrum space in nearby areas 
because of the various problems of inter- 
ference. Complete coverage of the country 
could be achieved with three groups of six 
channels each, or a total of 108 mc of 
frequency spectrum. A fundamental part 
of the proposed experiment would be to 
determine means of reducing the spectrum 
requirements and of estimating the over- 


all requirements 


An undersea color motion-picture camera 
with a depth range of 25,000 ft is expected 
to bring up from the bottom of the ocean 
a strange and perhaps terrifying story of 
creatures burrowing in the floor of the 
world and monsters of the deep never seen 
or even imagined by Man 

Che camera (first named the Halibut 
ind then renamed the Deep-Sea Camera 
Sled and known also as the Troika) was 
devised by Harold E. Edgerton of the Mas- 
sachusetts Institute of Technology working 
with Jacques-Yves Cousteau, leader of 
Calypso undersea expeditions and _pro- 
ducer of The Silent World. It was built with 
1 research grant from the National Geo- 
graphic Society. The hydrofoil housing was 
designed and constructed by the French 
Undersea Research Center at Marscille 
Che unit was first named the Halibut be- 
cause of its flat-bellied shape and the two 
“eves” on top of its he ad one a pressure- 
resistant 35mm color motion-picture cam- 
flashtube 
shutter 


era, the other an _ electronic 

vnchronized with the camera 
Che unit is dragged across the sea floor on 
1 braided nylon cable suspended from th« 
ship It has been designed to pass over 
without When 


topped by something larger the unit is 


mall obstacles fouling 


constructed so that it automatically dis- 
engages itself and can be drawn on board 
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A four-day Seminar and Workshop on 
Animation Film Technique will be held 
in New York in June 1960. Sponsors are 
Florman & Babb, Inc. and the Warren 
C. Portman Co. The F & B Triplex and 
Portman Animation stands will be used to 
demonstrate the production of films. The 
Seminar is planned primarily for the small 
film producer who is inexperienced in 
animation techniques. The sessions will 
be conducted by experts in the field, and 
arrangements will be made to visit leading 
animation studios. There is no charge for 
the course. Additional 
available from Charles Lipow at Florman 
& Babb, Inc., 68 W. 45 St., New York 36 
[he first Seminar is limited to an attend- 
ance of 100 


information is 


A three-award film, Fire and Explosion 
Hazards With Flammable Anesthetics, is a 
production of Mervin W. La Rue, Inc 
15 E. Chicago Ave., Chicago 11, a firm 
which specializes in the production of 
medical motion pictures. The awards: 
the Bucranio di Bronzo, presented at the 
Fourth International Exhibition of Scien- 
tific Films (a section of the Venice In- 
ternational Film Festival); a Special 
Award, voted by the 1959 Clinical Con- 
gress of the American College of Surgeons; 
and second place at a film competition 
at the annual meeting of the Biological 
Photographic Association in Montreal. 


Plans for a cooperative television net- 
work linking the United States with 
Central America have been announced 
and a conference is scheduled to take place 
n New York City, Feb. 3-5, when details 
will be discussed. The network would take 
in El Salvador, Guatemala, Nicaragi 

Honduras, Costa Rica and Panama 
Leonard H. Goldenson, President of Amer- 
ican Broadcasting—Paramount Theatres, 
Inc., and Frank Marx, ABC Vice-pres- 
participated in 


ident for Engineering, 


the initial meetings 


Engineering by Edward H. Robie is No. 14 
in the Vocational and Professional Mono- 
graph Series published by Bellman Pub- 
lishing Co., P.O. Box 172, Cambridge 38, 
Mass. The 36-page pamphlet, priced at 
$1.00 gives practical information of interest 
to the young person choosing a career. 
It takes up the scholastic training needed, 
employment opportunities, remunerations, 
opportunities for advancement and other 
informative details 


American Standard Method of Measure- 
ment of Television Luminance Signal 
Levels, C16.31-1959, has been approved 
and published as an American Standard. 
Developed by the Institute of Radio Engi- 
neers, the Standard describes methods of 
measuring the significant amplitude levels 
of a monochrome or color television signal, 
either composite or nmoncomposite. It is 
also identified as an IRE standard, 58 
IRE 23, Sl, replacing Part 1 of standard 
50 IRE 23, Sl. This Standard became 
necessary because of the standardization 
of color television signals in the United 
States, and the inadequacy of the earliet 
Standard in providing methods of measur- 
ing the luminance component of the color 
signal. It consists primarily of a change in 
the response characteristics of the oscillo- 


scopes to insure adequate suppression of the 


color subcarrier. It is available from the 
American Standards Association, Dept. 
PR 108, 70 E. 45 St., New York 17, at a 
price of 60 cents. 


A 35mm color film on music of the colonial 
period, a Colonial Williamsburg Inc. pro- 
duction, is scheduled for next spring. 
Provisionally titled Music of Williamsburg, 
the 27-minute film will be directed by 
Sidney Meyer, director of The Quiet One 
and other notable motion pictures. Stan 
Croner is author of the script. The film is 
planned primarily for television. It will 
also be available to classroom and club 
audiences. This film will be the first issue 
under the organization’s expanded audio- 
visual program. 


The Independent Television Authority's 
new transmitting station at Black Moun- 
tain, near Belfast, Ireland, began operation 
October 31. Transmitting and studio equip- 
ment was supplied by Marconi’s Wireless 
Telegraph Co. of Chelmsford, England. 
The installation includes two 4-kw vision 
transmitters Type BD.366 and two sound 
transmitters Type BD.270A, together with 
combining units, Program input equip- 
ment, flying-spot caption scanner, control 
desk and test equipment. The Black Moun- 
tain station will operate in Channel 9 at a 
vision frequency of 194.74325 me and a 
sound frequency of 191.230 mc. 


Miniaturization is one of the “new” 
words coined by some anonymous word- 
smith to express a rapidly developing 
trend. An article in the 
of Coronet, ‘Mighty 
Midgets of the Space Age,” by Jack Long, 
discusses this new trend. “Our engineers 
are hard at work,” he reports, ‘*Making 
things smaller and smaller ‘thinking 
little,’ they call it.” Among miniaturized 
products mentioned in the article are 
miniature TV cameras which will “soon 
be transmitting pictures back to earth 
from circling satellites.” Another miniatur- 
ized TV camera, now under development 
at the University of Melbourne, Australia, 
will be small enough to be swallowed and 
will be used in diagnosing stomach dis- 
orders. Pictures of the patient’s “interior” 
will be displayed on a screen and will be 
magnified 30 to 40 times. 

Special awards for the successful results 
of “thinking little’ are granted by a 
national Miniaturization Award Commit- 
tee organized by Horace D. Gilbert, 
President of Miniature Precision Bearings, 
Inc. The 1959 Miniaturization Award was 
presented to the Martin Co. of Baltimore, 
Md., for a 5-lb atomic battery. 


technological 
December issue 


Collectors of ‘“‘moviana’’ and experts in 
motion-picture history should be intro- 
duced to Chet L. Switell, 2946 Watseka 
Ave., Los Angeies 34. In a letter to tie 
Journal Editor, Mr. Switell writes, ‘‘I won- 
der if your members may have any motion- 
picture historic material for sale or ex- 
change or for that matter, any entire col- 
lection of motion-picture equipment of 
some historic value. This of course would 
include old manuscripts, books and fan 
magazines and the film trade journals of 
early motion-picture days. Any and all 


Journal of the SMPTE Volume 69 





201 hours of 


SLEEPLESSNESS 


filmed by AURICON 
1S mm 
Sound-On-Fuilm 


> 

Peter Tripp, Ace Disc Jockey for New York Radio 
Station WMGM, is depicted above after he 
completed a record 201 hours of sleeplessness in 
an amazing test of the human body! 

This unequaled “Sleep Deprivation Study” was 
observed by Psychiatrists and Space Medicine 
Experts who acclaimed the experiment as an 
important contribution to scientific knowledge. 
Mr. Tripp was filmed during every hour of his 
8 days of sleeplessness by the quiet “self blimped” 
Auricon 16mm Super-1200 Sound-On-Film 
Camera, and the resulting Sound-Pictures were 
released daily for viewing. 

Whenever unusual and exciting events are 
happening, Producers and Cameramen all over 
the World rely on dependable Auricon Cameras 
for taking Professional “talking-pictures” of these 


events. 
SIs 


rom 
s GUARANTEE OF DEPENDABILITY 


nH 
+“ 


2 
€ All Auricon Cameras are sold with a 30-day s 
s money-back Guarantee and a l-year Warranty. 2 


You must be satisfied! , 
I sect: Mr. J. A. I ANNI y : Cleft), Pre side nt ot S.O.S. Cine ma Supply Corp., 
New York City, (Auricon Sound Equipment Dealer for 20 years), 


furnished the Auricon 16mm Super-1200 Sound-On-Film Camera, 
* Write for your free copy of this shown above. Here he discusses the amazing Sleeplessness experiment 
74-page Auricon Catalog. p ; with Peter Tripp, shown before the start of the grueling 201 hour test. 


AUTRICON iii ae 
@ product of 16MM SOUND-ON-FILM C 


BACH AURICON, Inc. (Ainlite Loa) 


S246 Romaine St., Hollywood 38, Calif. mf) a 
CINE-VOICE I (“\) ) PRO-600 33%) eae 

: = ps: 1200 ft. 

100 ft. " Ge Runs 1642 [es Runs 33 

re eee Runs 2% min. ees min. 


MANUFACTURERS OF SOUND-ON-FILM RECORDING EQUIPMENT SINCE 1231 








m historic motion-picture collec- 
be answered 

Switell also advises that he has for 
07 Edison projector in good work- 
lition and would be pleased to con- 


itfer from some interested collector 


Che International Conference for Stand- 
ards on A Common Language for Ma- 
chine Searching and Translation was held 
) at Cleveland, Ohio. Th 
Western 


Deve lopm«e nt 


sponsored by 
and Rand 
presented covered thre 
areas 1) Analytical descrip 
ional, pilot, development o 


ms programs tor the machine 


!/or machine translation o 
ircas of scientific and techr 
Analytical description of 
operation or under develop 
ind/or 


machine searching 


translation or scientific and tech- 
}) Analytical and detailed 

#f research in progress, o1 

or common machine languag« 
nt directed to the establish- 
tandards of interconvertibility 
hine searching and/or machine 


tems 


Che International Federation for Medical 
Electronics is a new organization for med to 
consolidate activities in the field of medical 
according to information re- 
d from the Medical Electronics Cen- 
Lockefeller Institute, 66 St. and York 
New York 21 


ctronics 


[he new organization 


The ACR Mark U 


Space Camera 


has been successfully flown 
in the Atlas and 

Thor missiles. 

Nit wastes Mulel Ml slgeleltla-te 
pictures of amazing 
resolution from altitudes 
VM o MP AGLOMy | Wimelile Mitel; 
enjoyed a 100% 
reliability factor. 


Address inquiries to: 


was formed during the Second 


tional Conference on Medical Electronics 
held in Paris at UNESCO House, June 
1959. The IFME will encourage 
world-wide development and dissemination 


24-27, 


of knowledge in medical electronics. It will 
sponsor international congresses at regular 


collect and publish 


intervals 


encourage research and generally 


international collaboration in the field 


Wells R. Chapin has been 
the newly 


Marketing for 


app unted 
created post of 


Dag Television Div 


rhompson Ramo Wooldridge Inc. He was 
formerly Chief Engineer for the St. Louis 
stations KSLH and WIL. He has also been 
associated with General Electric and has 
been a field engineer for Raytheon Manu- 


facturing Co 


[Iwo new 
Corp.'s Motion Picture 
vision service 


Robert J 


Radio and 


have been 


pervisor of radio-television news and Ken- 


drick W 


duction 


Sidney Weiser, Chicf Engineer for USI 


Robodyne, a division of U.S 


Inc has been appointed 


Engineering. He was formerly 


of Research for Federal 


and Engineering Co. and has been in- 


terested in a wide variety of 


and systems, including 


DOMINICAN REPUBLIC AND HAITI 
GuLr OF VENEZUELA 
SOUTH AMERICA 


TRINIDAD 


PUERTO RICO. 


Interna- 


literature, 


foster 


t 


Manager of 


appointments to Chryslet 
Pela. 
announced 


Shafer has been appointed su- 


Williams is supervisor of pro- 


Industries 
Director of 
Director 
Manufacturing 


products 


magnetic-tape 


CARIBBEAN SEA / 
| 


recorders, microphones, auto- 
matic slide actuating 


anisms, air-conditioning apparatus, elec- 


cameras, 
changers, mech- 


tric heat generators, and mechanical 


presses with interlocking controls. 


Oliver E. Cain has been appointed to 
created post of Special Rep- 
resentative for S.O.S. Cinema Supply 
Corp. He has just returned from Caracas, 
Venezuela, where he has been active in 
the film and television industries. He 
has served as Managing-Director of 
Tiuna Films C.A- and General Manager 
of Telefilms C.A., both in 
He was recently executive director of the 


the newly 


Caracas. 


Venezuelan television news program, F/ 
Observador, 
for the best news coverage in that country. 


which was awarded a prize 


Herbert Pilzer, of Motion Picture En- 


terprises, Inc., has been appointed Ex- 
Coordinator of the Association 
Activities will 


committee to 


ecutive 
of Cinema Laboratories 
include formation of a 
study fair trade 


picture laboratories in the United States. 


practices for motion- 


Jennings B. Dow, a director of Hazeltine 
President of its 
newly organized subsidiary, Hazeltine 
Research Corp. R. K. Hellmann has been 
elected operating Vice-President and Tech- 
nical Director. Frederick R. Lack has been 
consultant to the new organization. Plans 


Corp. has been elected 


include research in electronics applicable 
to both military and civilian fields. 


FLORIDA PENINSULA 
GULF OF MEXICO 


CAPE CANAVERAL 


EASTERN SHORE OF U.S 


WASHINGTON, PHILA.. N.Y. AREA 
— 


|| oe made from films obtained by ACR Space Camera in General 


Electric Mark 2 re-entry vehicle flown on Atlas 11C Missile 


24 August 1959 


One-sixth of the earth’s surface is shown 


CR aYereye Corporation 551 W. 22 St., New York 11, N.Y. 


January 1960 
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a Un LSCORM ORO OW CS Vince 


Solvent Filmy Cleaner 
CLEANS 
your film 
and tape 
* RAPIDLY 


*¥ SAFELY 
* AUTOMATICALLY 





All you have to do is put the film in place and fill the solvent 
tank. The new Unicorn cleaner does the rest automatically —and 
speedily with all scrubbing action taking place below the solvent 
level. It effectively cleans motion picture films (negative and 
positive) and magnetic tape at rates to 300 feet per minute 

with complete safety. Cleaning is accomplished by counter- 
rotating velvet covered scrubbing rollers, effectively 

removing dirt, lint, oil, fingerprints and wax. 


The Model A-5100 is a combination 16/35 mm film cleaner. 
Other cleaners are available for 16 mm film only, 35 mm film only 
and for 70 mm film only. All models include these special features: 


COMPLETELY SELF-CONTAINED. No vacuum pump or outside 
sources of air are required. The Unicorn cleaner is complete 
in itself. 

FLUID CUSHION PROTECTS FILM. The fluid solvent forms a barrier 
between the scrubbing roller and film to prevent scratches and 
abrasions. Only velvet fibres lightly touch the film. 


SPEED CONTROL. Operate at any speed from O to 300 feet per Write us for complete information today. 
minute with adjustable speed control. Automatic shut-off Please address Dept. 801 

leaves unit threaded for continuous operation. 

COMPLETELY SAFE. Uses only non-inflammable, non-explosive UNICORN PRODUCTS ARE NOW MANUFACTURED BY 
solvents. Fumes controlled. Automatic shut-off in case of 
defective splices. 

AUTOMATIC REWIND. Makes necessary torque adjustment as 
reel size increases. 


LOW COST OPERATION. Solvents are continuously filtered and 
reclaimed; waste held to minimum. One pint of solvent cleans 
3,000 feet of 35 mm film. L 


PRICE. Model A-5100 $5,500 f.0.b. Sylmar, California. 12970 BRADLEY AVE., SYLMAR, CALIFORNIA 


Computer 
Measurements 
Company 


A DIVISION OF PACIFIC INDUSTRIES,INC. 


O-N@MWAGDONDO 
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section reports 


The Atlanta Section met on December 8 
at the Kodak 


Chamblee, Ga., 


Processing Laboratory, 
with an attendance of 38. 

Lloyd Armbruster, Technical Supervisor, 
Kodak Processing Laboratory, Chamblee, 
Ga., delivered a slide talk, *“‘Color Photo- 
graphic Materials and 
pared by Dr. Lyle Brewer, Eastman Kodak 
Co., Rochester, N.Y. The talk reviewed 
the theory of additive and subtractive 


Processes,” pre- 





CECO" 


Instrumentation 
Equipment helps 
engineers record and 

measure vital data. 





_ . ie, j— 
CAMERAFLEX — | 
35MM BORESIGHT CAMERA 
A Radar Photo Tracker with 
register pin movement for ex- 
treme accuracy; reflex shut- 
ter, through-the-lens viewing; 
3 data recording systems; 
manual variable shutter with 
1%° to 60° openings; me- 
chanical drive insures return 
pulse occurs precisely at mid- 
point; speed from 10 to 30 
pps, up to 10 pps with pulse 
drive; 40” or 80” Catadioptric 
lens; radar secondary mount; 
iluminated reticie for night 
photography 


*CECO—Trademark of 
Camera Equipment CO 


Branch: 
CAMERA EQUIPMENT CO., INC. 
OF FLORIDA Firm 
1335 East 10th Ave. « Hialeah, Florida Address 


SALES « SERVICE * RENTALS 


Nome 


City 


54 January 1960 


Gentlemen: 


Please rush me new FREE literature on CECO 
products for use in Photo-Instrumentation. 


colors, the structure of color photographic 
materials, and the chemistry and equip- 
ment involved in the processing to pro- 
duce the finished color picture. 

In addition, a short color movie, 
“Assignment Jet Colorama,” 
rhis picture depicted the taking, printing 
and installation of the Colorama that is in 
Grand Central Station in New York. 


was shown. 


Before the regular meeting, a_ short 
board meeting was held during which some 
plans for 1960 were formulated. During 
the meeting, the new officers and board 
members were introduced. Following the 
meeting, coffee and doughnuts were served 
and a tour of the Kodak Laboratory was 
Wesley R. Sandell, Secretary- 
Treasurer, c/o Kodak Processing Lab., 
4729 Miller Drive, Chamblee, Ga. 


conducted. 


Photo Instrumentation is a 
serious business, where 
man’s genius is ever reach- 
ing for the stars. CECO 
often lends a helping hand 
in an important break- 
through — not only with the 
world’s most ingenious im- 
age sensing and read-out 
equipment — but with en- 
gineering brainpower that 
knows how to make theories 
come true on film. 

Bring your problems to us 
for free consultation. 


RED LAKE 35MM STOP-MOTION PROJECTOR 


Variable speed control, forward and re- 
verse. 8 to 24 pps. Remote controls. 1000 
ft. reel capacity; frame counter. 


MAGNASYNC DATA 
AND INSTRUMENTATION 
RECORDERS 
Record, play, ‘‘read"’ 
and ‘‘write’’ heads avail- 
able with up to 16 chan- 
nels for 35mm _ sprock- 
eted or 1” audio tape. 
Has synchronous sprock- 
eted drive system; speed 
range for 1/100” to 100” 
per sec; 6 different 
speed changes in single 
unit can be incorporated. 


CG AIMERA EQuipment (..INC. 


Dept.JS-66 315 West 43rd Street, New York 36, N. Y. 
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Zone State 


The Boston Section closed its 1959 season 
on November 19 with a meeting at the 
WBU-TV studios of Boston University. 
Ninety-seven members and guests attended 
the meeting. Dr. Harold E. Edgerton, 
Massachusetts [Institute of Technology, 
guest speaker, discussed ‘*Photographic 
Instrumentation Under the Sea,” over a 
closed television system operated by stu- 
dents of the School of Communications. 
The audience viewed the program on video 
monitors installed in the meeting area. 

At the beginning of the program, Edward 
H. Rideout, Boston Section Chairman, 
introduced Alexis Ushakoff, Executive 
Director and Faculty Advisor, Boston 
School of Public Relations 
and Communications; David Nohling, 
chief, SPRC Dungeon; Robert Rose; 
Robert M. Fraser, Secretary-Treasurer, 
Boston Section; and Dr. Hugh Gillis, 
Chairman of Division of Communication 
Arts at the Schools of Publications and 
Communications at Boston University. 

Following the introduction of the panel 
the television cameras switched to Dr. 


University 


Edgerton who was interviewed by members 
of the panel. Dr. Edgerton talked about 
his trip on the Calypso and demonstrated 
photographic equipment used for under- 
water photography. This part of the pro- 
gram was kinescoped. 

The second part of the program was 
conducted in the Boston University Audi- 
torium where Jeffrey L. Myles, manager 
of Technical Operations at WGBH-TV, 
Channel 2, Boston Educational Station, 
discussed ‘‘Behind the Scenes of Kine 
Recording.”” Mr. Myles spoke on the; 
requirements for good kinescope recordings 
and illustrated his talk with recordings 
made over a number of years which demon- 
strated the improvement in quality ob- 
tained by the methods he described. 

An interesting discussion 
lowed his presentation, after which the 
audience enjoyed coffee and doughnuts 
through the courtesy of the Keystone 
Camera Company.—Robert M. 
Secretary- Treasurer, c/o ITEK Corporation, 
700 Commonwealth Ave., Boston 15. 


period fol- 


Fraser, 


The Canadian Section met September 10 
at the National Film Board Auditorium, 
Montreal. Approximately 50 members and 
guests attended. 

P. J. Brule of the Minnesota Mining and 
Manufacturing Company, Toronto, gave 
an excellent paper on video tape. 

Following a coffee break in the National 
Film Board Cafeteria, there was a panel 
discussion on the “Operation and Possi- 
bilities of Videotape,’ chaired by R. S 
Rekert of the National Film Board 
Members of the panel were Charles Fren- 
ette, Canadian Broadcasting Corporation; 
G. G. Grahan, National Film Board; 
and Ralph Foster, Mendelson Films. 
Many points of the possible uses of video 
tape were discussed and its aspects in rela- 
tion to motion-picture film were debated. 
R. Ringler, Secretary- Treasurer, 85 Eglinton 
Avenue, E. Toronto, Ont. 


The Canadian Section met on November 
4 at the National Film Board Auditorium 
in Montreal with an attendance of 50. 
Speakers were R. W. Curtis, National 
Film Board, who discussed ““The Testing 
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new agivisiel 


...MEETS 
YOU 
HALF WAY 


Here in Kansas City . . . 
General’s new Central Division 
. .. Offers on-the-spot service 
to speed your production 

to the laboratory. 


No matter where you are... 
Industrial Center to College 
Town ... or what you do 

. .. Educational, Religious, 
Industrial, Television films . . . 
General Film can help you. 


Our new Central Division will 
greatly facilitate your film 
production . . . and bring to your 
doorstep the Academy Award- 
winning skills of General Film of 
Hollywood, the most respected 
film processing lab east or 

west of the Rockies. 


GENERAL 


FILM LABORATORIES CORP. 


1546 ARGYLE, HOLLYWOOD 28 
CALIFORNIA / HO 2-6171 
CENTRAL DIVISION 

106 W. 14th ST., KANSAS CITY 5 
MISSOURI / GRand 1-0044 


, . 
—<—_ ¥ 
Pye aeiers —SEmr 
% 


Btn 
~ ee 


o> City” 
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of Microphones in a Single Enclosure” 
and I R. “Budge’’ 


Films, talked 


Crawley 


C.M.P. 


Crawley, 
who about 
Series.” 

rhe meeting was opened with an excel- 
on Brazil. 
demonstrated 
National Film 
Board to check the characteristics of various 
offered the 
apparatus to 


, a travelogue 
Mr. Curtis outlined 
the techniques used by the 


lent short subject 


and 


ric rophones He services ol 


the described anyone in 
the Society who wanted to use it. 
Mr. Crawley 


episodes of the 


showed a 35mm print of 


**R.C.M.P 


Crawley Films in 


one of the 
Series’’ shot for IV by 
After the 
both the 
technical 


Ottawa screening he discussed 
administrative 


view—R. E. 


the series trom 


and the point of 


To fit Bell & Howell 
Modes Dad. $5,100 
To fit Depue- Carlson 
Step Printer. . . $4,100 
(F.O.B. New Rochelle, N. Y.) 


filters. 


Used by: Pathe Labs. 
Movielab Color Corp. 
Color Service Co. 
General Film Labs. 
Consolidated Film Inds. 
Alexander Film Co. 
Deluxe Laboratories 
U. S. Signal Corps 
Patrick Air Force Base 
Calvin Productions, Inc. 


High 


tivity. 


Secretary- Treasurer, 85 Eglinton 


Ont. 


Ringler, 
Avenue, E. Toronto, 
The Canadian Section met December 17 
Limited, 543 Rogers Rd., 
with an attendance of 57 mem- 
guests. The three speakers of 
the evening were L. J. Murch, Harold 
Wright, and Rodger Ross, all of the Cana- 
dian Broadcasting Corporation. ‘An Engi- 
Film,” 


at Cinesound 
Toronto, 


bers and 


neering Approach to Television 
was the subject of the discussion. 
Under three separate titles, the speakers 
gave the papers they presented at the 85th 
SMPTE May 1959. The 
three papers appeared in the November, 
1959 issue of the 
Following the 


Convention in 


Journal. 


presentation of the Na- 





COMPENSATING 
HEAD 
Supplied to fit existing machines of Bel & 


Howell Continuous Printer Models D & J 
and Depue-Carlson Step Printer. 


This 3-light additive color unit supplies discrete blue, 
green and red beams. 
tamination of the others. 
Solenoid operated, 
Five filters in each color beam, giving 32 printer 
steps of .025 or .030 Log E. 
efficiency 
splitters to form a single mixed output beam. 
Colored glass and/or high efficiency interference-type 
trimming filters, ‘ 


No one beam contributes to con- 


calibrated neutral density glass 
beam 


interference-type dichroic 


‘peaked” to the positive stock sensi- 


Printing speed up to 125 feet a minute for continu- 
ous printing; 55 feet a minute for step printing. 

Three 750-watt bulbs, operating at 60-80 
Assures long bulb life, saving time in calibration. 

Adjustable lamp sockets to line up filaments. 


volts. 


Three 


degrees of freedom; vertical, rotational, lateral. 

Four-leaf adjustable diaphragm, imaged at the print- 
ing aperture which provides an optical printing aper- 
ture for exposure and/or uniformity control (on units 
to fit Bell & Howell Models D & J only). 


AVAILABLE ACCESSORIES 


3-Channel Memory Unit with Reader for automatic operation of 
flipper assembly, reading in succession blue, green, red and storing 


the introduced information. 


15 neon pilot lights indicate when the 


15 neutral density filters are in or out so that operator can see at a 
glance if Reader and Memory Unit are functioning properly. For 
easy servicing, commercially available punched tape reader is used 


as a base. 


Price: $3,2 


00 F.O.B. NewRochelle, N 


Keyboard and Punch with 32 combinations 
for each color; blue, green,red; with an addi- 
tional channel for introducing other informa- 
tion such as stop, lap dissolves, etc., and with 
built-in scene counter. Can also be used with 
Reader to reproduce automatically duplicate 
tapes and will permit corrections of the tape 
and continue with the accepted information. 
Price: $2,300 F.O.B. New Rochelle, N. Y. 


Write for further information 


FISH-SCHURMAN CORPORATION, 85 Portman Road, New Rochelle, N. Y. 


of Gold,” the 


discussed ‘* 


Film, ‘“‘City first 
Mr. Murch, Standard- 
ized Gray-Scale Characteristics for Vidicon 
need for standardization, 
the factors of influence and the setting up of 
test material for use as a scale of compari- 
son were discussed. 

Mr. Wright’s subject was “ 
Exposure Control for 
\ system of making 16mm for 
Two main 
Predictable output trans- 
signals for materials; 2. 
tone scale matching of TV live studio and 
film materials for smooth 
the two. 

“Constant Density Laboratory 
for Television Film,” was the subject 
discussed by Mr. Ross. He outlined re- 
quirements for a negative-positive labora- 
tory process to obtain predictable 
forms at the output of a calculated telecine 
chain.—R. E. Ringler, 
Treasurer, c/o DuPont of Canada 
85 Eglinton Ave., E. Toronto, Ont. 


tional 
speaker, 


Telecine.” The 


and 

Films.” 
television 
objects 


Density 
Television 
was described. are 
achieved: 1. 
mission visual 
integration of 


Process 


wave- 


Secretary- 


Ltd., 


camera 


held a_ two-day 
August 21 


The Chicago Section 
special regional meeting on 
and 22 at Purdue University, Lafayette, 
Indiana. The meeting was in conjunction 
with the University Film Producers Asso- 
ciation. 

Forty-five SMPTE members joined more 
than 150 UFPA men and women for a 
joint afternoon and evening session on the 
first 
lighting 


and a second day session high- 
in-plant film production. John 
Ditamore, director, Hall of Music, Purdue 
University, and Senn, manager, 
Purdue Motion Picture Production Unit, 
were hosts at the meeting. 

Following registration in the Memorial 
Center and welcoming ceremonies, the 
members were conducted on an extensive 
tour of the Purdue A-V and TV facilities. 
In addition to touring the well-known Hall 
of Music, of the finest and 
best equipped auditoriums in the country, 
the members were shown the new building 
A-V Center, film pro- 
duction facilities, sound recording studios, 
experimental theater and a 
lecture theaters and projection rooms. 
program of the 


day 


Jesse 


which is one 


which houses the 


number of 
The complete two-day 
activities follows: 
Friday Evening, 
Teaching with 
J. Collins Orr, Purdue University. 
Lightweight Lighting for Motion Picture 
Larry Grover, President, Nat- 


August 21: 


Telemaginuity, Professor 


Productions, 
ural Lighting Corp. 
Modern Theater 
John Ditamore, 
Purdue University. 
Morning, August 22: 
In-Plant Production of 
Kenneth Penney, 


Sound 
Hall 


Lighting and 
Equipment, Director, 
of Music, 

Saturday 

Special Report: 
Applied Motion Pictures, 
Minnesota Mining and Manufacturing 
Co., Harry Paney, Arthur Anderson and 
Co., Larry Warnock, Link-Belt Co., 
Julian Ely, Autonetics, Division of North 
American Aviation. 

The Saturday program included many 
film examples and followed by a 
question-and-answer period. 

We are especially grateful to our Purdue 
University hosts and to Jack Moriarity, 
UFPA President, for their help and co- 
operation in arranging this meeting. 


was 
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THE 


GREATEST POWER 
ACHIEVEMENT SINCE 
BEN FRANKLIN’S 


5” x 6” x 9” 





The F & B POWER-MITE is another new engineering 
achievement in Florman & Babb’s continuing effort 
to be First & Best . . . Only one of thousands of items 


which make up F & B’s complete stock of profes- 
sional movie equipment. 


ER-MITE 
BATTERIES 


LARGEST CAPACITY — 
6-10 amp. hours. 
SMALL-LIGHT — 6 02. 
per 1.25 v. cell. INDE- 
STRUCTIBLE — Can be 
stored indefinitely in 
any condition. 

SAFE — No Acid Spray 


20 minutes, and 100% 
30 minutes. 

RETAINS 70% CHARGE 
_ After 1 years 
storage. 


R. PERMA- 
few drops ONCE A YEAR. | 
ADD WATER LTTE — 30% solution of Potassium oy. 
vronide Batteries supplied in metal case WI! 

carrying strap and plug. 


85.00 
— Mite battery (6 cells)..$ 
TY Nott power-Mite battery (12 cells). 3 re 
Attached voltmeter—optional siiecs 
Charger 
eel i Rate Ammeter 


F & B's Power-M 
ation to power 


f. 
CUSTOM-BUILT TO YOUR ORDER 


Lee ee ee 


Serving The 


World's Finest Film 


TRANSISTORIZED 
POWER SUPPLY 


Delivérs 100 Watts, 60 Cycles AC 


Contains: 


15 Voit Power-Mite Battery 
e Transistorized Converter 
e Battery Charger 


e Attached Voltmeter 

e Charging Rate Ammeter 

e Metal Case with Leather Carry- 
ing Strap and Receptacle 


The days of the gasoline generator are rapidly waning. These tiny 
transistorized converters and nickel-cadmium batteries are logical 
successors to unwieldy, unsafe, unreliable and noisy generators. 
This little 5” x 6”x 9” unit, weighing less than 12 Ibs., will run the 
1200 ft. Auricon more than 2,000 feet at 24 fps...or it will run the 
Auricon Super 1200 and the Hallen 16 mm. Recorder in perfect sync. 


The first unit made was used in photographing Ike’s recent trip 
around the World. 


250 Watt Unit Available Soon 


CAMERA HEADS 
FOR SMOOTH 
NTRO 
fins eight and LLED ACTION 
'P Contro/ 


'Ugged constructio 
n, 
Test difficult con- the Mode! 100 Provides 
Is he 


In spite uf j 
“jerk-free”’ its we 
under th 


an 
Provides for 
SiON to the handle 


of operation. ar type 


* Designed for u , 
se with 
= Cameras with a 4 and 35 
P to 100 ibs. weight 
* Heavy duty 
* Weighs 20 
high, 7” q 
* Tilts from 
* Camera mo 
* Equipped w 
level, 


Professional mod 
, el. 
hag" Dimensions. ad 
~ 1” wide. Mode! © for cam 
nines 75° to plus 75° Sorel to 20 Ibs. 
ith nE screw ¥%”.16. or rn ee 
Precision bull's eye 200 Ibs ‘1 750. “ 
* Available wj j | | 
Mitchell : hm Mitchel] Standard, 


- . 
onnor “Level-heaq”’ peony - 


Mode! 100 $675 


Makers 


FLORMAN « BABB, inc. 


68 West 45th Street, New York 36, New York - MUrray Hill 2-2928 
te 
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William H. Smith, Secretary- Treasurer, c/o 
Lakeside Laboratory, Box 2408, Gary 5, 


Indiana. 


The Chicago Section met on October 12 


at United Film and Recording Studios in 
Chicago with an attendance of 85. The 
speakers were William Rebane, 
tarium, Inc.; Richare Ranger, Rangertone; 
and D. J. White, Magnasync. 

Mr. Rebane opened the meeting with a 
demonstration of the Cinetarium process 
by projecting a 10-minute film to groups 
of approximately 20 persons at a time. 


Cine- 


In this technique, a specially made 35mm 
motion-picture film was projected onto a 
360° dome-like screen which enclosed the 
viewers. Following the demonstration, 
he discussed the system’s potential appli- 
cations which include training where the 
effects of peripheral vision are especially 
important to the trainee. 

Ihe second part of the program fea- 
tured papers presented by Col. Ranger 
and Mr. White in which they described 
technica! consideration of recording and 
playing back synchronous sound with mo- 


Ranger 


history and described the 


tion-picture 
related the 
method of recording synchronous sound on 


photography. Cc »I 


j-inch magnetic tape 


The speaker then 
demonstrates double-system playback ol 
synchronous recording in which the pre- 
viously recorded “syne” signal on the }-inch 
tape controls the speed of a projector 
equipped with a variable-speed motor 
thereby maintaining synchronism between 
the film projector and the tape playback 

Mr. White, in his presentation, described 
1 portable 16mm magnetic film recorder, 
various models of which can be attached 
to most 16mm cameras for synchronous 
ound photography The 12-lb recorder 
can be driven by either the camera motor 
or its own self-contained motor. Synchro- 
nous projection is accomplished on a 
tandard 16mm projector and a 16mm 
magnetic sound playback unit 

Following presentation of the papers, 
both speakers answered questions from the 
1udience. Equipment of both types was 
available for inspection at the close of the 
William H. Smith, 


Treasurer, c/o Lakeside Laboratory Box 


meeting Secretary- 


408, Gary 5, Indiana 


The Chicago Section met November 12 
in the Prudential Building Foyer with a 
near capacity crowd of 125 in spite of a 
heavy snowfall 

Following a pre-session short, ‘*Murdet 
On the Screen,” produced by the Calvin 
Company Kenneth Mason, Manager, 
Midwest Division, Motion Picture Film 
Department, Eastman Kodak Company, 
presented two papers describing new 16mm 
and 35mm color films. In his first paper, 
“A High Speed Color Negative,’ Mr 
Mason described the new type 5250 35mm 
negative which has been designed to 
replace Type 5248. With an ASA 50, the 
new film has twice the speed of the film it 
replaces thereby simplifying some of the 
problems of studio lighting and/or making 
possible greater depth of field in exposure 
While the film is compatable with Type 
5248 color negative in processing, some 
differences in the printing characteristics 
of the two films were noted and described. 
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Color slides were used to illustrate these 
characteristics and examples comparing 
the two films were shown. 

“Two New Color Reversal Camera 
Films,’ was the topic of Mr. Mason’s 
paper in which he _ described 
the new SO-260 and SO-270 high- 
speed color films. These films, which are 
of the incorporated color coupler type, 
have speeds of ASA 160 and ASA 125, 
respectively, and will be available to both 
16mm and 35mm users. The principal 
advantage of the films is their greatly 
points to 


second 


increased film speed which 
potential application in fields such as 
sports, missiles, medicine, and industrial 
photography sufficient light is 
frequently not available. This film can be 
printed through any of the conventional 


duplicating procedures. In screen examples 


where 


following the paper the demonstration 
material included a 5269 print from the 
high-speed color reversal original as well 
as some projected samples of the camera 
film. 

As an extra added attraction, and to 
complete the demonstration films, Mr. 
Mason projected examples of the new 
neutral balance Ektachrome which will 
soon be available. This sample reel, which 
compared the new and old types and 
prints therefrom, showed that a marked 
improvement in color quality is obtainable 
from the forthcoming film, which is ex- 
pected to be available after the first of the 
year. 

A brisk question and answer period 
followed the papers during which Jack 
Maynard of W. J. German, Inc., joined 
Mr. Mason to supply answers. William 
H. Smith, Secretary- Treasurer, c/o Lakeside 
Laboratory, Box 2408, Gary 5, Indiana. 


The Hollywood Section met on November 
17 at the Moody Institute of Science, 
West Los Angeles, with an attendance of 
240. The speakers were Dr. Herbert 
Meyer, Motion Picture Research Council, 
who discussed *‘The Nature of the Latent 
Image’; John Waner, Eastman Kodak 
Company, whose topic was ““New High 
Speed Eastman Color Reversal Film, 
Type SO-260"; and M. A. Hankins, 
Mole-Richardson Company, who talked 
about “Recent Developments in Special 
Effects Equipment.” 

Dr. Meyer gave a short discourse on the 
present status of the photographic theory 
concerning latent image formation and 
structure. By use of diagrams in slide form, 
Dr. Meyer showed the energy levels of 
the electrons in the silver atom and how 
exposure from each quantum of energy 
releases an electron in the silver halide 
crystal which wanders in the conduction 
bands. These wandering electrons charge 
sensitivity specks which ultimately attract 
silver ions to form developable silver grains. 

Mr. Waner gave a brief presentation on 
the New High Speed Eastman Color 
Reversal Film. The daylight type has an 
exposure index of 160 and the tungsten 
type has an exposure index of 125. A 
short sample film was projected showing 
results obtainable under low levels of 
light. 

Mr. Hankins described some new special- 
effects equipment that Mole-Richardson 


now has available for studio use. Special 
fog-making machines of several sizes were 
demonstrated and a machine for spinning 
cobwebs was interestingly put into action. 
The fog-making machines can be used 
effectively also to distribute insecticides 
and mist to disperse man-made fog. 
Carl W. Hauge, Secretary-Treasurer, 959 
N. Seward, Hollywood 38. 


The Hollywood Section met on December 
15 at the Academy Awards Theatre, 
Los Angeles, with an attendance of 520. 
Joseph Roizen of Ampex Corporation 
spoke on ‘“‘Experiences in Russia With the 
American National Exhibition.” 

Mr. Roizen presented a most interesting 
lecture with color slides, color 
pictures, and audio tapes, both monaural 
and stereo, of Russian scenes and sounds. 
In an easy, free-flowing style, injected with 
a great deal of humor, the speaker un- 
raveled his story without the aid of notes 
or script. 

When plans for the trip had taken on a 
definite aspect and Mr. Roizen 
that he would be a member of the dele- 


motion 


knew 


gation departing in two moths for Mos- 
cow, he proceeded to acquire a good work- 
ing knowledge of the Russian language 
He procured a set of Russian language 
records, as used in college training, and 
transferred them to tape on his Ampex 
Recorder. He then spent one hour every 
day listening to the tapes and practicing 
pronunciation by recording and comparing 
his pronunciation with the lessons. The 
four hours of recorded lessons consisted of 
alphabet, common names and sentences, 
numbers, etc. The course was aimed at 
teaching a working and useful knowledge 
of Russian with no emphasis on grammar. 
At the end of the two months, he con- 
fessed that he was a pretty confused fel- 
low on Russian and wondered just what 
would happen when he came face to face 
with Russian-speaking people. He was 
happily surprised, he said, that when the 
test came, he was able to fit words and 
phrases into their proper place and could 
carry on a very respectable conversation. 
Before the end of his eleven-weeks stay 
there, he was able to describe the Ampex 
Color Videotape Recorder in_ technical 
Russian language to Russian TV engineers. 
This technical description of the tape re- 
corder is not easy even in English 

Mr. Roizen took with him a Leica M3 
and a Bolex 16mm camera, with a Zoomat 
lens, and an ample supply of film which 
he used to photograph many things of in- 
terest in and around Moscow. Except for 
a special jet trip of 650 miles to Leningrad, 
Mr. Roizen, like all Americans, was lim- 
ited to travel within a radius of 50 kilo- 
meters (31 miles) of Moscow. From the 
excellent pictures and interesting material, 
it was obvious that he made good use of his 
spare time while working at the American 
Exhibition. The excellence of the whole 
presentation indicated that Mr. Roizen 
was keenly interested in learning as much 
about the Russians as the time of his visit 
permitted and that he was able to bring 
back to our Society many fascinating things 
about the Russian people.—Carl W. 
Hauge, Secretary- Treasurer, c/o Consolidated 
Film Industries, 959 N. Seward, Hollywood 
38. 


Journal of the SMPTE Volume 69 





The New York Section met December 10 
at the World Affairs Center Auditorium, 
Carnegie Endowment Center, with an 
attendance of 35. J. S. Courtney-Pratt, 
Bell ‘Telephone Laboratories, Murray 
Hill, N.J., addressed the group on “‘High- 
Speed Photography.” 

According to the speaker, it is possible 
to increase the rate at which pictures can 
be taken, by making use of the principles of 
With this method, the 
picture is divided into a large number of 


image dissection. 


lines or 
simulta- 


small elements which may be 


dots, and these are all recorded 
neously on a photographic emulsion. The 
elements are spaced out so that (in at 
separated 
neighbors by a distance that is 
large compared with the width of the 
element. A second picture can be recorded 


least one dimension) each is 


from its 


by displacing the image with respect to 
the emulsion by the of the image 
rather than by the of a 
and this allows one to achieve the 


width 
element width 
frame, 
Image dis- 


higher recording rate. 


section cameras have been built that allow 


much 


short series of good pictures at rates of 


i107 or 108 per second of remote objects 


and at or near unity magnification, or 
that allow cinematography at 10° pictures 
per second at magnifications up to 2000X 
Alternatively, 


pictures, of lower 


long series of, say, 105 


resolution are possible 
Cameras to achieve these results use only 
elements and mechanical 
The use of the deflecting 
combination 


inert opt al 
components. 
with 


take 


50 pictures of 100- 


image converter in 


dissection principles allows one to 


short series of about 


line quality at rates approaching 10° 
per second 

\n interesting discussion period was 
held after a Edward M. 
Warnecke, Secretary- Treasurer, Eastman Ko- 
dak Company, 342 Madison Ave., New 


York 


social per iod 


I'he San Francisco Section met November 
10 at KGO-TV Studios, San 
with an attendance of 43. Speakers were 
Allan Atkins, W. A. Palmer Films, Inc.: 
Warren Zimmer, Pacific Productions: Bob 
Hovarka, Bob Mills and Milton Kerr, all 
of TV Cartoon Productions 

his meeting dealt with the ‘““World of 
Animation.” The 
devoted to the 
film made for this purpose by Walt Disney 
This 


picture traced animation from the begin- 


Francisco, 


first portion of it was 


f 


history of animation. A 


Productions was shown. motion 


ning to its present stage. Examples of 
various forms of animation, made by our 
guests, were shown also. 

Ihe second portion of the meeting was a 
round-table discussion. A panel comprised 
animation an- 
Frank 


Stoney- 


of experts in the field of 
from 
Secretary- Treasurer, 57 
San Francisco 24 


swered questions members 


Mansfield 
ford Avenue, 


Ihe San Francisco Section met December 
8. The meeting was held jointly with the 
San Section of the LR.E. A 
total of 133 were in attendance 

The main speaker of the evening was 
Roizen, Ampex Corp., whose 
subject was “‘Experiences in Russia With 


Francisco 


Joseph 


January 1960 


the American National Exhibition.”” Mr. 
Roizen told about how he spent more than 
two months in Russia with the Ampex 
Color Videotape Recorder display at the 
American National Exhibition at Soko- 
linski Park in Moscow. He told about the 
unusual opportunity of meeting and 
talking to many Russian people from every 
walk of life. with 
getting the equipment and out of 
Russia were brought up. 35mm color slides 
and 16mm pictures 
shown of the Exhibition along with scenes 


Problems connected 


into 
color motion were 
of Moscow and Leningrad. 

An unusual recording of a 
Russian religious played 
A Videotape famous 
Nixon-Khrushchev debate was also shown 


stereotape 
ceremony was 


recording of the 


and the story told of how the tape was 
taken out of Russia. 

A display of various Russian goods, 
technical magazines, photo magazines, 
newspapers and postage stamps were on 
display for our members to examine after 

Frank Mansfield, Secretary- 
Stoneyford Ave., San Fran- 


the meeting. 
Treasurer, 57 
cisco 24. 


The University of Miami Student Chap- 
ter met on December 4. Charlton Heston, 
guest motion-picture 
production abroad, including the particular 
problems that were involved in the pro- 
Hur.—Peter Hallinan, 
of Miami, Student 


speaker, discussed 


duction of Ben 
Chairman, University 


Chapter. 


an ANNOUNCEMENT 
of interest to SMPTE members... 


caluaanielh 
Jamieson Fil 


— 


is now P 


Eastman 


So 270 Tungsten 


at Dallas 


basi 


rocessin 
High Spe 
so 260 Dayll 


Ss to film user 


alla, 


m Company 


g new 16mm 
ed Color Film 
ght, ASA 160 
ASA 4125 
ect service 


Ss. 


—_—— 


anne 


Processing to 


Eastman-standard ASA ratings... 


$.059 per Foot 


Forced processing 


to double ASA ratings, and 8-hour service 


available by special arrangement. 
(PROCESSING UNDER LICENSE FROM EASTMAN KODAK COMPANY) 


Results of Jamieson’s experience in testing this new material are 
incorporated in a pamphlet published by the company for distribu- 
tion to interested firms and individuals. Write direct to 


am JAMIESON film company 








4 


3825 Bryan Street © Dallas, Texas 
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Obituaries of Cinematographers and was active in its provements in motion-picture developing 
management affairs. He was widely trav- machines and camera attachments and a 
elled and had filmed motion pictures number of these devices are in current use 
in many foreign countries. During the by film producers. He was in charge of 
Korean war he made a number of docu- the photography of the State of Minne- 
mentary films in the Pacific. sota Centennial film, An Agricultural Por- 

trait, which received a Certificate of Merit 
at the 1958 Venice Film Festival and was 
accepted for screening at the Brussels 
World Fair. A member of the Society, 
he was also a charter member of Local 


666 I.A.T.S.E. 





John W. Boyle 


John W 3oyle died September 29 fol- 
long illness. A long and distin- 
d career as cinematographer began 
113 in his home town of New Orleans, 
where he produced a newsreel known 
he Item Animated Weekly. In 1915 he 
ed to Hollywood where he worked, as 
photographer, on the earliest motion- 
picture version of the Queen of Sheba and later 
yn M-G-M’s first production of Ben Hur. a . 
Ninos 9960. the lrocnene feteeeeeed in the Melvin Karl Schleiter 
uses of two-color cinematography and, with Melvin Karl Schleiter, of St. Paul, Minn., 
Jenjamin Berg, published an account of died December 17, 1959, at the age of 54. 
work in the February 1947 SMPE He joined Reid Ray Film Industries in 
Journa Studio Production with Two- 1934 as a cameraman. During his 25 years 
Color Bipack Motion-Picture Film.” At as a cinematographer he travelled for his Joseph C. Gevaert, 59, died December 16, 
that time, he was associated with Hal firm. He filmed a number of training films 1959, in Lausanne, Switzerland. Son 
Roach Studios. An earlier paper, “‘Black for various government agencies and was of the founder of the international photo- 
ind White Cinematography,’ was pub- recently in charge of photography of classi- graphic firm, Gevaert Photo-Producten, 
lished in the Journal for August 1942 fied films for an Army arsenal. He pio- N.V., Antwerp, he was President of the 
He was then with Universal Studios neered in early commercial color photog- Gevaert Co. of America from 1933 to 
\ Fellow of the Society, for many years raphy and was responsible for adapting 1946. He served as Commissioner General 
he was active in Society affairs, especially lighting techniques to new color photog- of the Belgium Pavilion for the 1939-40 


Joseph C. Gevaert 


n the Pacific Coast Section. He was also raphy as the processes improved. He World’s Fair. In 1958, he moved to Switzer- 


in early member of the American Society developed a number of mechanical im- land. 


FILMLINE ANNOUNCES 


WORLD'S FASTEST COMMERCIAL PROCESSOR 


FOR REVERSAL & NEGATIVE/POSITIVE 16MM FILM 
Develops Reversal film at 125 fpm Develops Negative film at 55 fpm “ag Ah ie cht 8st 


Dryer 


Tempera 


. ® © ' 
q*l, = 6 ey 1 se with spraybar after 
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n pumps and 


em pn pe ree 


MODEL 


eee KT-s 


Wherever quality results are demanded in picture film labs... the Filmline Model RT-S 

the fastest processing time ...or wherever is the ideal machine ... providing quality 

illumination is inadequate for quality image results at speeds to 125 ft./minute ... and 

density ... this newest, fastest combination permitting increases of the ASA _ index 

16MM Reversal and Negative/Positive film 1000% on DuPont or Eastman Reversal 

processor ... the Filmline Model RT-S will Emulsions. 

consistently provide the solutions to these Fully equipped, ready for immediate opera- 

processing problems. tion the Model RT-S offers you high cost FILMLINE CORPORATION, DEPT. JS-60 MILFORD, CONN. 
For in-plant, high-speed photography ...for film processing features for the low price 

television stations, racetracks, and motion- of only $6,450.00, 
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rEO FF 8 C Ff V E LIN ER S§S 


*To Webster it meant — the property of readily absorbing and retaining moisture 


To our industry, “Hygroscopicity” means trouble .. . 
trouble due to the fact that chemicals decompose and 
cake rapidly upon exposure to moisture. 
We at L. B. RUSSELL CHEMICALS are proud that we 
have found the solution to this problem and can create 
a “Hygroscopicity-proof” lab with RUSSELL’S TROPI- 
PAK lined photographic chemicals- PH4 chemicals, which 
meet the Specifications of the American Standards Asso- 
ciation. 
TROPI-PAK, the heavy-duty Polyethylene liner, prevents 
FOR Airborne Contamination, keeps out Harmful Moisture, 
CHEMICAL insures that RUSSELL chemicals remain undecomposed 
LIFE INSURANCE : —“Photo Grade. 


So!!! If you want processing insurance at no additional 
TROPI-P AK cost use RUSSELL TROPI-PAK protected chemicais. 


omnes 
L.B.RUSSELL CHEMICALS 


14-33 31si Avenue * Long Island City 6, New York 


West Coast: 1025 North Highland Avenue, Los Angeles, Calif. 


Canada: L. B. RUSSELL CHEMICALS (CANADA) LTD. 
77 Crockford Boulevard, Scarborough, Ontario 
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Oliver Ellsworth Buckley 


Ellsworth Buckley, retired Chair- 
Board of Bell Telephone 
Laboratories, died December 14, 1959, 
at the age of 72. He joined Bell Telephone 
Laboratories in 1925 and in 
Assistant Director of Research. 
Subsequently he was made Director of 
Research and then Executive Vice Presi- 
dent. In 1940 he became President and in 
1951 he was elected Chairman of the Board. 
His work on high-speed submarine tele- 
graph cables achieved wide recognition, 


Oliver 
man of the 


1927 was 


appointed 


and research in various fields conducted 
acoustics, 
photoclectricity, magnetism 
and microphonic effects. During World 
War II he served with the National Defense 


via © 


under his direction included 


electronics, 
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Lighting: Arcs—Iincandescents 
—S§ pots—Floods—Dimmers— 
Reflectors—All Lighting Accessories 


Cameras: |6mm & 35mm—Sound 
(Single or Double System)—Silent 
—Hi-Speed 


Lenses: Wide angle—Zoom—Tele- 
photo—Anamorphic 


Sound Equip t: Magnetic— 
Optical—Mikes—Booms 





Grip Equipment: Parallels— 
Goboes—Other Grip accessories 


Dollies: Crab—Western—Portable 
Panoram—Cranes 


Generators: Portable—Truck 
Mounted 


Editing Equipment: Moviolas 
—Viewers—Splicers—Rewinders 


Projection Equipment: 16mm & 
35mm—Sound & Silent—Slide— 
Continuous 


Name 


SALES - 


Gentlemen: 


Please rush me your FREE complete catalogue of Rental 
Equipment. 


Research Committee and as advisor on 
technical problems to the War Production 
Board. He was awarded the Medal of 
Merit. He was a member of a number of 
organizations including the National Acad- 
emy of Sciences and the American Insti- 
tute of Electrical Engineers. 


Will Whitmore, advertising manager in 
charge of sales promotion for the American 
Telephone and Telegraph Co., died 
October 20 at the age of 57. He was an 
active member of the Society during the 
1920s and from 1927 to 1929 was an edito- 
rial staff writer on the Motion Picture Herald 
In 1929 he joined the public relations de- 
partment of Western Electric Co. and 
joined the AT&T staff in 1948. 
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Accessories 


More professionals deal with 

CECO more often! Why? Because 
CECO has anything and everything 
they need for Motion Picture 

and TV Production ready on a 
moment’s notice. Everything from 
an Arc to a midget spot. 


And remember, you boys who are 
“theadin’ South”, CEco’s 

Florida office is fully prepared to 
handle your every equipment 
rental requirement. 


Branch: 
CAMERA EQUIPMENT CO., INC. OF FLORIDA 


1335 East 10th Avenue « Hialeah, Florida 


SERVICE - 


FRANK CY TUCKER 


RENTALS 


Cy AMERA CQuipment ©..INc. 


Department JS-65 315 West 43rd Street, New York 36, 


New York © JUdson 6-1420 





Television: Closed Circuit TV 


O'hare Camera Car: oon 
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books [- 
reviewer 


Eye, Film and Camera in Color 
Photography 


By Ralph M. Evans. Published (1959) by 
John Wiley & Sons, Inc., 440 Fourth Ave., 
New York 16. 9 by 5} in. i-xii + 410 pp. 
incl. index, table of contents, bibliography. 
Profusely illus., 16 pp. in Price 
$8.95. 


color. 


A book by Ralph Evans is always a joy 
to read, and always an elucidation of 
some dark corners in the mysteries of 
vision and perception of color. The present 
work certainly runs true to this type. 

The purpose of the book is to present an 
extremely generalized discussion of what 
the photographer reasly does when he takes 
a still or motion picture, particularly in 
color, and what the viewer really perceives 
when he looks at that picture. Probably the 
most important paragraph comes in the 
middle of the book: 

“A basic underlying principle in 
aesthetics is that everything about a picture 
should aid the purpose of the picture. 
The final result should be a unity to which 
everything contributes in its own way. 
It is not likely that a photographer will 
produce such a result without a fairly clear- 
cut concept of what he is trying to do. 
At least we cannot say that a photograph 
is a good job from the photographer’s 
point of view unless it succeeds, in part, 
in the direction he intended.” 

The author describes, in broad terms 
but also very carefully, the group of 
technical tools which the still or motion- 
picture photographer has at his disposal: 
the optical equipment, the mechanism of 
the camera, the properties of the film and 
photographic procedures, and the various 
methods available for the exhibition of 
his final pictures in projection or on sheets 
of paper. He describes in some detail the 
through which a viewer sees 
original subjects, and how he sees those 
subjects in reproduction. He _ indicates 
how the application and combination of 
these tools and effects enables the photog- 
rapher to reach the objectives he set out 
to achieve. 

A curious note is that the ‘“‘perfect” 
photograph, each point of which exactly 
matches a corresponding point in the 
perspective view of the original scene 
in light (in the more general case, only 
proportional light), color and geometry, 
does not necessarily look like the subject 
This is discouraging to the engineer, but 
differences in viewing conditions, visual 
adaptation, in information on the scene 
illumination, in specific information on 


processes 
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MOVIELAB FILM LABORATORIES 
MOVIELAB BUILDING, 619 W. 54th ST. 
NEW YORK .19,.N.Y. JUDSON 6-0360 





e FI ° trat rint ¢ plus complete black and 
white facilities including cutting r rooms, storage rooms and the finest screening facilities in the east. 








Professional 
Services 


COLORTRAN CONVERTER 
LIGHTING EQUIPMENT 
The most illumination for the least investment 

CROSS COUNTRY RENTAL SYSTEM 

ELIMINATES COSTLY SHIPPING 
write for catalog 

NATURAL LIGHTING CORP. 

630 S. Flower St., Burbank, Calif. 








IN THE SOUTHWEST 


For Equipment and Stage Rental 
Technical and Creative Personne! 
Complete 16mm and 35mm 
Laboratory and Producer Services 
It's BIG “D’ FILM LABORATORY, Inc. 
4215 Gaston Plaza, Dallas 10, Texas. 
TAylor 7-5411 LA.TS.E 


TUFF COAT 


Multiplies the useful life of all types of preprint 
and release film. Protects from scratches and 
abrasions. Safe, easy to *. Kills static, cleans 
and lubricates. Special type available for 
Videotape, Magstripe and Lacquered footage. 
Send for Brochure *'S’’ 
NICHOLSON PRODUCTS CO. 
3403 Cahuenga Blvd. Los Angeles 28, Calif. 
Ho. 7-1712 








BERTIL I. CARLSON 
Photoproducts Co 


Consultants, designers, builders 


in PHOTO INSTRUMENTATION 


Box 60, Fort Lee, N. J. 


Users of Permafilm Protection and 
Perma-New Scratch Removal show 
savings ranging from 25% to 50% 
and more by lengthening the life of 
their prints. A money-back test will 
convince you. 

PERMAFILM INCORPORATED 

723 7th Ave.-New York 19-Cl 6-0130 
PERMAFILM INC. OF CALIFORNIA 
6446 Santa Monica Blvd. 

Holly wood 38-HO 4-4168 


SAVE 
25-50% 
ON 
PRINT 
COSTS 











J. A. MATTHEWS J. B. MINTER 
Professional Sound Recording Services: 
Disk Mastering, Tape Editing, 
Dubbing etc. 
COMPONENTS CORPORATION, 
Recording Division 
Denville, N.J. Oakwood 7-0290 


PHOTOGRAPHIC 
INSTRUMENTATION 
Spectalizing in 
HIGH-SPEED 
Motion-Picture Photography 
Photographic Analysis Company 

100 Rock Hill Rd., Clifton, 


Phone: Prescoit oe 








CRITERION 
FILM LABORATORIES, INC. 


Complete laboratory facilities for 16 

& 35mm black-and-white and color 

33 West 60th St., New York 23, N. Y. 
Phone: COlumbus 5-2180 


PROFESSIONAL MOTION PICTURE 
PRODUCTION EQUIPMENT 
Cameras, Sound Recording, Editing, 
Laboratory and Affiliated Equip. 
Consulting Services by Qualified Engineers 
Domestic and Foreign 
REEVES EQUIPMENT CORP. 

10 E. 52nd St., NYC 
Cable: REEVESQUIP 








ELLIS W. D’ARCY & ASSOCIATES 
Consulting and Development Engineers 
Xenon-Arc Applications 
Motion-Picture Projection 
Magnetic Recording and Reproduction 


Box 1103, Ogden Dunes, Gary, Ind. 
Phone: Twin Oaks 5-420] 


SUPPLIERS 
PHOTOGRAPHIC CHEMICALS 
and 


Consultants in Photographic Chemistry 
L. B. Russell Chemicals, Inc. 
14-33 -First Avenue 
Long Island City 6, New York 
YEllowstone 2-8500 








EAGLE FILM 
LABORATORY, INC. 
(Established 1951) 

4 16MM SPECIALIST LABORATORY 


341 E. Ohio St., Chicago 11, Ill. 
Whitehall 4-2295 


FILM PRODUCTION EQUIP. 


The world’s largest pao of ra age for prac- 

tically every need for 

recording and editing motion picture > filme 
Domestic and Foreign 


$.0.S. CINEMA SUPPLY CORP. 
Dept. TE, 602 W.52St., N.Y.C.-Cable:SOSOUND 
Western Branch: 6331 Holly’d Blvd., Holly’d,Cal. 











Complete Color 
and Black & White 
Motion Picture 
Laboratory Services 
including 


16mm 
Sound Recording 


FISCHER PHOTOGRAPHIC LABORATORY, INC 


ALL 16mm PRODUCERS SERVICES 
Equip. Rentals e Technical Crews 
40 X 70 Sound Stage 


16mm LABORATORY FACILITIES 
Exclusive TRIAD Color Control 
Additive Color Print Process, Plus B & W 


SOUTHWEST FILM CENTER 
3024 Ft. Worth Ave., Dallas 11, Texas 











l6mm, ?.mm, 70mm 
Motion Picture Cameras 
High Speed Cameras 
Special Cameras 
Lenses 


6555 North Ave., Oak Park, Ill., EUclid 6-6603 
Lights 
Processing Equipment 


RENT 


GORDON ENTERPRISES 


5362 N. Cahuenga, North Hollywood, Calif 


ROCKY MOUNTAIN HEADQUARTERS 

For 16mm Film Services 
B&W and Anscochrome Processing 
Printing—Recording—Editing 
Production—Rental—Sales 
All types of film in stock 
Write for Price List 
WESTERN CINE SERVICE, INC. 
114 E. 8th Ave., Denver 3, Colo. AMherst 6-3061 














Professional cards available to 





members. 12 insertions, 2x1 in., $60 








the depth dimension, in supplementary 
knowledge of what the original really is, 
and other such factors make it true. 

An interesting and perhaps unusual 
feature of the book is the extent to which 
the author has considered the problems of 
the amateur: 

‘This group makes close to two billion 
single photographs each year and uses as 
much motion picture film as the whole 
professional industry. 

**The casual photographer on the average 
knows nothing about photography and 
cares less. Any success he has with his 
pictures is due as much to the manu- 
facturer’s skill as to his own.... 

“The casual photographer’s... main 
demand is for his final result to be attractive 
if it is a print and realistic if it is a 
movie A pleasing color balance is more 
important than an accurate one. . . . Sharp- 
ness is most important in home movies. . . . 
When he starts to show them to other 
people, ... he wants the pictures pleasing 
to look at.” 

Not the attractiveness of 
the volume comes from the lovely color 
illustrations by Miss Klute, which, as 
we have come to expect, are a joy to look 


least of the 


at. 

The engineer will occasionally wish 
that some of Mr. Evans’ observations had 
been expressed more quantitatively. This 
would of course have lost part of the non- 
technical simplicity and smooth flow of 
his text. Such details can be looked up, 
with a little more effort, in the extensive 
bibliography he presents. 

Summarizing, the work collects together 
the large body of phenomena that influence 
the quality of a viewed color reproduction. 
In certain cases these bring impairment 
and disappointment. The skilful photog- 
rapher, however, foresees the operations 
of the phenomena and capitalizes on them 
or circumvents them. 

The book will be 
who deal seriously with 
form or another.—Pierre 


Beach, L.I., N.Y 


most useful to all 
pictures in one 


Mertz, Lido 


TV and Film Production Data 
Book 


By Ernest M. Pittaro. Published (1959) 
Morgan & Morgan, Inc., 101 Park Avenue, 
New York 17. 448 pp. incl. contents, index 
and adv., illus., diagrams, tables. 4 by 7 
in. Price $6.95. 


It can be honestly stated that this pocket- 
size book of 448 pages contains an amazing 
collection of up-to-the-minute data perti- 
nent to the technical aspects of television 
and motion-picture production. 

Brief descriptions by the manufacturers 
of five of the leading industrial and broad- 
cast camera lines appear, together with 
descriptions of auxiliary equipment such 
as dollies, zoom lenses and monitors. 
Thirty pages are devoted to video-tape 
recording and splicing information, pro- 
viding data for an elementary understand- 
ing of the recording and reproduction 
processes of this new technique. Motion- 
picture cameras, sound recorders, micro- 
phones, animation and lighting equipment 
are well represented, each with a brief 
description. Each of the major film manu- 
facturers is represented with abbreviated 
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data for a wide variety of black-and-white 
and color films. 

An assemblage of 45 tables, some of 
them developed specifically for this book, 
cover a wide assortment of data including 
31 tables relating to lenses; six tables for 
conversion of 35mm and 16mm film to 
time, six tables for conversions between 
English to metric units of measure; one 
table for electrical current carrying capac- 
ity of wires; and one table relating shutter 
exposure time to various frame rates. 

Of practical value, also, is the Manu- 
facturers Directory, which contains ad- 
dresses and phone numbers of 67 manu- 
facturers of equipment pertinent to the 
field of television and motion-picture 
production. 

It is obvious that this data book is an 
outgrowth of a rapidly evolving technology 
which blends the basically different equip- 
ment and techniques of motion pictures 
and television into a new era of moving 
image production. For those interested in 


either or both of these media, this book is a: 


helpful and time saving guide.—Ralph E. 
Lovell, 2554 Prosser Ave., Los Angeles 64. 


Perspective: 


Quarterly Review of Progress in Pho- 
tography, Cinematography, Sound and 
Image Recording. Vol. 1, No. 2, 1959 


Edited by A. Kraszna-Krausz. Published 
by The Focal Press Ltd., 31 Fitzroy Sq., 
London, W.1.; and 303 W. 42 St., New 
York 36. 96 pp., 16 pp. illustrations, plus 
6 pp. adv. 7} by 9}-in. Price (subscription) 
7.50. 


The rapidly moving pattern of world 
events is approached in this publication 
from the standpoint of photography, 
cinematography and related fields. Issue 
number two continues to uphold the high 
level revealed in the first number and in 
some degree to surpass it. 

About half of this issue is devoted to 
six short articles on various subjects. 
[wo articles would seem to have special 
interest for the members of the SMPTE. 
L. A. Mannheim’s “8mm _ in 
Search of Sound,” describes the various 
methods and apparatus that have been 
devised for sound recording and repro- 
duction in connection with 8mm _ film. 
European sound equipments for 8mm use 
are classified as follows: tape couplers and 
synchronizers ; special tape couplers; striped 
film adapters; and striped film projectors. 
Members of the British Economist Intelli- 
gence Unit have written informatively 
on the “Tape Recorder Boom.” They 
point out that there are about 125,000 
tape recorders in use in Great Britain today 
(about 80% purchased by individuals) 
and that it is expected there will be about 
180,000 sold by 1962. Much of the 
equipment is of German origin. 

[he remainder of this issue is devoted 
chiefly to 82 clearly written abstracts on 
research, products and methods. A few 
of the subjects covered are: Informational 
Sensitivity, The Photo-Electric Effect in 
Sensitizing Dyes, New Optical Glasses, 
Electronic Flash Exposure Meter, The 
Right Exposure at 20,000 f.p.s., Shadow- 
graph Missile Camera, Motion Picture 
Processing by Spray, High Speed Micro- 


review, 


film Selection, Cineradiography with Image 
Intensifiers, Mobile Television Studio, 
Televised Trucking, and New Life for 
Old Films. 

Ten brief reports concerning market 
conditions in the United Kingdom, Italy, 
United States, and West Germany com- 
plete the issue. Reports by the Ilford 
and the Gevaert Companies include: 
Expansion by Independent Color Proces- 
sors; Photographic Fair Trade in the U.S.; 
The French Optical Industry; and Import 
Changes in Pakistan, Cyprus and Canada. 

Line or block diagrams are used through- 
out the volume to illustrate the text 
with the exception of the general article 
by H. W. Franke, “The Pictorial Idiom 
of Science.”” Here, 16 pages of halftone 
cuts reproduce many unique and beautiful 
patterns created in various ways by electri- 
cal and mechanical methods. Their use 
as a new art form or for creation of new 
patterns is suggested. 


All in all, this interesting book well 
deserves the attention of the serious 
student of cinematography, television in- 
strumentation or high-speed photography. 
—Glenn E. Matthews, Eastman Kodak Co., 
Research Laboratories, Rochester 4, N.Y. 


Proceedings of the National 
Electronics Conference Vol. 14 


Published (1959) by National Electronics 
Conference, Inc., 228 N. LaSalle St., 
Chicago IJ. i-xvi + 1074 pp. incl. nu- 
merous charts, diagrams and tables, + 
catalog of exhibitors xvii-xxi. 6 xX 9-in. 
Price $7.50. 

Growth is the order of the day for 
Electronics; the National Electronics Con- 
ference is no exception, coming forth each 
year with more exhibitors and more papers 
in more fields. 

The 14th volume of the Proceedings of 








PEERLESS 


25 


Yearw of 


Sewitce fo 


FILM 


Scratches on Film 
Irritate Audiences 





Scratches are havens for dirt, and 
refract light improperly. On the 

screen, they mar the picture and may 
distract attention. If on the sound track, 
they produce offensive crackling. 


Fortunately scratches can almost 
always be removed — without loss 
of light, density, color quality, 


or sharpness. 


Write for brochure 


EERLESS 


FILM PROCESSING CORPORATION 
165 WEST 46th STREET, NEW YORK 36, NEW YORK 
959 SEWARD STREET, HOLLYWOOD 38, CALIF. 
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this conference records the complete 
texts of all papers, technical and other- 
wise, given at the 1958 meeting. Some 80 
of the papers are concerned directly with 
technical subjects, ranging from audio 
and television to servo mechanisms and 
transistors. In total, 17 
treatment. A _ large 

deal allied 


engineering education, writing and speech, 


technical specialties 
receive number of 


papers with the topics of 
ind engineering management, while four 
papers discuss results of space probes and 
International 
Geophysical Year. Three historical papers 


other studies during the 


“Design Considerations in the Second 
Detector Circuit of Monochrome TV 
Receivers” by L. J. Mattingly 

‘The Optimum Source Impedance and 
Noise Figures of TV Input Tubes With 
Various Circuits’ by L. E. Matthews 

*‘Automatic Hue and Amplitude Control 
in Color TV” by Z. Wiencek 


audio field, two articles are 
with audio-frequency power 
amplifier performance, and ‘‘A Two-Way 
Stereophonic Amplifier’? by Bauer, Holly- 
wood and Markle describes a unique single 


In the 
concerned 


amplifiers of similar performance and 
equal total power. Other papers of possible 
interest to the TV engineer discuss the 
applications of lumisters and electrolu- 
minescent devices as display elements. 

The vast scope of the material covered 
makes it obvious that no subject can be 
covered in any great detail, and that any 
listing of categories is, perforce, sketchy. 
The Proceedings do, however, present a 
fairly complete picture of the present 
state of the Electronic Art, and may be 
used as a good source of current infor- 
mation on many topics. The papers are 


well written and lucid, and indicate an 
excellent editing job. In addition, the 
typography is good, the type size being 
generous enough to favor tired old eyes.— 
M. T. Pappas, General Precision Labo- 
ratory Inc., Pleasantville, N.Y. 


channel amplifier used to amplify 
independently the left and right stereo- 
phonic amplifier 
separate 


complete the Proceedings. 
The Audio and 
quite well; three papers deal directly with 


Ielevision fields fare 


signals. The two-way 


television design problems: provides economy over two 





OUR EXPERIENCE IS YOUR KEY TO 


, SERVICE & DEPENDABILITY 


Camera, July 1959, 38th 
Official Organ of the International Federa- 
tion of Photographic Art, published by 
Cc. J. Bucher Ltd., Lucerne, Switz. 
English-Language edition U.S.A. Distrib- 
utor, Eastern News Company, 306 W. 
11 St., New York 14, 88 pp., numerous 
illus., $1.00. 


This special issue devoted to aerial 
photography is such a magnificent pub- 
lishing achievement that it shouJd not be 
overlooked. The reproductions, in both 
monochrome and comprise an 
unusual collection, 

The first of a baker’s dozen items on 
the camera in the air is ““Various Aspects 
of Aerial Photography With Manhattan 
as an Example,” a collection of seven 
pictures taken at a variety of heights and 
angles by Fairchild Aerial Surveys Inc. 
and the U.S. Coast & Geodetic Survey. 
One folded-in composite of ten vertical 
photographs is 51} by 10% in. The area 
embraced stretches from the southern tip 
of Governor’s Island to about 115th Street 
in Manhattan. Automobiles and _ trees 
may be counted in the reproduction. The 
picture was taken with the 9 by 9-in. 
fully automatic Wild RC5A series camera 
with //6 Wild-Aviogon wide-angle lens 
at a height of 7570 ft, and is reproduced in 
ascale of 1 : 15,000. 

An article on the use of aerial photog- 
raphy in taking a census of African game 
is illustrated in black-and-white, plus a 
beautiful color page showing a herd of 


‘Suan Sherine gnus on the run in Tanganyika. Animals 
. were trapped, marked, and released, and 
Anti Static « Anti loxic ¢ Cleans, their pictures from the air were used to 
conditions, lubric ates film in one trace their migrations as well as to deter- 
easy operation. Non-inflam- mine their numbers 
mable eliminates waxing, ab- “ep rns ile = 
| : we In Photography and Archaeological 
solutely safe. $33.00 ? a coal  — he : 
z a p . Exploration,” Prof. Carle M. Lerici of 
1500 Cleaning fluid, per gal. 9.00 Rome reports, with illustrations, on the 
2000 Negative Cleaning Fluid 6.50 application of hypoperiscopic photography 


(photographic probing) to underground 
areas prior to excavation. The Minox 
camera, built into a cylinder 60mm in 
diameter, produces 8 by 11-mm negatives 
in cassettes of 50 exposures. The use of 
aerial photographs to detect sites that 
should be excavated is also described. 


i , A 2-page color spread showing the 
> 3 . r Island of Batz, near Le Croisic, France, a 
the tue, - e ; second color plate and many black-and- 


white p ahs illustrate <z iscussion 
1845 BROADWAY (at 60th St i _Photograr h illu trate a disc 1SsiO 
| of aerial photography in map making and 


year, No. 7, 


CAMART DUAL SOUND EDITOR 


@ Edit single and double system 
16mm or 35 mm optical sound. 

@ Edit single system magnastripe or 
double system magnetic sound. 

@ Use with any 16mm motion-pic- 
to obtain perfect lip 
syne matching of picture to track. 
® Works from right to left or left to 
right 

Magnetic or Optical Model $195.00 


ture viewer 


color, 





CORE 
DISPENSER 
Simply attach the dis- 
yenser to your wall to 
oan plastic lab cores 

handy at all times. 


Aluminum 
16” $ 9.50 
ARRIFLEX 16MM CAMERAS 26" 11.50 


16 and 35mm cameras in stock for im- 
mediate delivery. Arriflex 16mm and 
35mm _ soundproof blimps available. 
400° magazines. Synchronous motors. 
New and used. 


36” 14.50 


24” Disp. for 50’ or 100’ 
plastic reels $24.00 





CAMART CAR TOP CLAMPS 
Insure a steady tripod support for your newsreel 
camera when atop a station wagon or car plat- 
form. Heavy bronze construction weatherproof. 
Set of three $28.00 











NEW YORK 23 - Ploza7-6977 - 


Cable: Comeromart 
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AROUND THE WORLD WITH MAGNASYNC 


hollywood 


The opening of another modern and beautifully appointed 
Desilu Productions studio in the heart of the world’s 

film capital marked the fortieth Magnasync-Magnaphonic 
Sound System installation placed with Glen Glenn 

Sound Company, Hollywood, sound contractors for Desilu. 
Shown in photo, observing the equipment acceptance 

test procedure, are, from left to right, Mr. Glen Glenn, 
Mr. D. J. White, Magnasync prexy and Mr. Mike 
DeMarchi of Glen Glenn Sound. 





The Magnasync symbol is accepted as the standard 
not only by independent producers and major studios, 
but by governmental agencies, educational and 
industrial institutions as well. 


A partial list of domestic users include... Aero-Jet General Corp., Sacramento * U.S. Air Force, Atlantic Logistic Terminal, New York City * University of 
California, Berkeley * Alexander Film Co., Colorado Springs * Arabian American Oil Co., New York City * U.S. Air Force, Orlando, Florida * University of 
Californie, Los Angeles * Boeing Aircraft Co., Seattle * Kirtland Air Force Base, New Mexico © Christian Church Films, Indianapolis ¢ Allend’or Productions, Inc. 

Los Angeles * Cal-Tech, Pasadena * Clemson Agricultural College, South Carolina * U.S. Air Force, Lookout Mountain, Los Angeles * Audio Effects, Los Angeles 
© State of Connecticut Highway Dept., Hartford ¢ University of Colorado, Boulder ¢ Bandelier Films, Albuquerque * Columbia Pictures Studios, Hollywood * Convair, 
Fort Worth « U.S. Air Force, School of Aviation Medicine, Texas * Commonwealth of Virginia State Board of Education, Richmond « C. O. Baptista Films, 
Illinois * Walt Disney Productions, Burbank * WENS-TV Division, Columbus ¢ Sandia AF Base, New Mexico * Denver Public Schools, Colorado * Basore-Longmoor, 
Inc., Kansas City * M.G. M. Studios, Los Angeles * Douglas Aircraft Corp., Santa Monica ¢ Evangel Films, Portland * Beeland-King Film Productions, Atlanta 
* Paramount Pictures Corp., Hollywood ¢ Esso Standard Oil, New York City * Florida State University, Tallahassee * Henry Ford Hospital, Detroit * University 
of Florida, School of Journalism & Commerce, Gainesville * John Candelario, Santa Fe * Desilu Studios, Los Angeles * University of sees Texas * General 
Electric Company, Washington * Glen Glenn Sound Company, Hollywood ¢ U.S. Air Force, Ohio * Indiana University, Bloomington * Canyon Films, Phoenix 
* 20th Century Fox Film, Beverly Hills * Carey-Swain, Inc., Florida * lowa State College, Ames * General Motors Corp., Pontiac * Aberdeen Proving Grounds, 
Maryland ¢ University of lowa, lowa City * Mr. Stanley Church, Hollywood *¢ Warner Brothers Studio, Burbank * Hughes Tool Co., Culver City * Fort Belvoir, 
Virginia * lowa State Teachers College, Cedar Falls * Illinois Bell Telephone Co., Chicago * Kansas State Teachers College, Emporia * Cinemasound M. P. Produc- 

tions, Toledo * University of Kansas, Lawrence ¢ International Business Machines Corp., Poughkeepsie, N. Y. * Biological Warfare Laboratories, Maryland ¢ Univer- 
sity of Kentucky, Lexington * Lockheed Aircraft Corp., Burbank ¢ Hq. Fourth Army, Fr. Sam Houston ¢ Lutheran Synodical University Conference, Wisconsin * 
Cine-Pic Hawaii, Honolulu * Hq. Brooke Army Medical Center, Ft. Sam Houston * Marquette University School of Speech, Milwaukee * Continental Films, 
Minneapolis * Lockheed Aircraft Corp., Georgia * Diamond Ordnance Fuze Laboratories, Washington, D. C. * The Methodist Church, Nashville « Dudley Pictures 
Corp., Beverly Hills * Empire Films Corp., Spokane * North Dakota Agricultural College, Fargo * Lytle Engineering, Los Angeles * U. S. Army Ordnance Missile 
Command, Redstone Arsenal, Alabama * Ohio State University, Columbus ¢ Empire Photosound, Minneapolis * St. Andrews Church Rectory, Pasadena * Minnesota 
Mining & Mfg. Co., Set. Paul «© White Sands Proving Grounds, New Mexico * Pennsylvania State University, State College * USOM to Bolivia * National Corton 
Council of America, Memphis * Yuma Test Station, Arizona * Purdue University, Indiana * Film Productions Co., Minneapolis * South Dakota State College of 
Agriculture & Mechanic Arts, College Station * USOM to Libya ¢ Northrup Aviation Co., Hawthorne * University of Southern California, Los Angeles * Hughes 
Aircraft, Culver City * U.S. Dept. of Agriculeure * Southern Illinois University, Carbondale * USOM to Korea * Gardner-Denver Co., Illinois * Ramo-Woolridge 
Angeles ¢ U.S. Dept. of Defense * Tennessee State Game & Fish Commission, Nashville * USOM to Thailand * Good News Productions, Chester 
Austin * USOM co India * Soundrive Engine Co., Los Angeles « U.S. Dept. of Health, Bangkok, 
S. General Services Administration, Audio Visual, New Delhi, India * Texas 


Corp., Los 
Springs, Pennsylvania * Texas Game & Fish Commission, 
Thailand « Avco Research & Advanced Development Division, Massachusetts * U 
State Board of Control, Austin * Hubbard Hunt Productions, Hollywood ¢ U.S. House Recording Studios, Washington, D. C. * Utah Oil Refinery, Sale Lake City 
¢ U. S. Information Agency, Washington, D. C. © Texas State Dept. of Health, Austin * U. S. National Institutes of Health, Bethesda, Maryland * Hubbard Hunt 
Productions, Hollywood ¢ U.S. National Advisory Committee for Aeronautics, Moffert Field, California * University of Texas, Austin ¢ U.S. Naval Air Station, 
Patuxent River, Maryland ¢ E. L. Ingram Productions, California ¢ Virginia Polytechnic Institute, Blacksburg * U.S. Naval Air Station, Anacostia, D. C. * WGHH 

Cambridge ¢ U.S. Naval Shipyard, Brooklyn, New York ¢ University of Wisconsin, Madison *¢ Kent Lane Films, Inc., Louisville « U. S. Naval Ordnance Test 
Station, Pasadena, California * The Asia Foundation, San Francisco ¢ U.S. Navy Mine Defense Laboratories, Panama City, Florida * Bible Institute of Los Angeles 
* Max Lasky Film Productions, Cincinnati * Brown Photolab, Rhode Island ¢ U. S. Signal Corps Supply Agency, Philadelphia * American Bible Society, New York City 


Write, wire or phone 


MACHASYNC MAGNASYNC MANUFACTURING CO., LTD. 


-- hi hemi 5546 Satsuma Ave., North Hollywood, Calif. ¢ TRiangle 7-5493 ¢ Cable “MAGNASYNC” 
SOUND SYSTEM International leaders in the design and manufacture of quality film recording systems 

















CHICAGO, Zeni' nema Serv ne Corp.; LOS ANGELES, Bir & Sawyer ne Equipment; NEW YORK, Comera Ea ( 
FRANCISCO, Br amera Co.; “AUSTRALIA, Sy dney, New South Wales, xteen Millimetre Ao tralia Pty. Ltd.; BELGIUM, Brussels, S.O.B.A.C., S.A (Societe 
DEALERS: Belge D'Ap stions Cinematographiques); BOLIVIA, Lo Paz, Casa Kaviin; BRAZIL, Ric de Janeiro, Mesbla, S.A.; BURMA, Rangoon, G. K. Theatre Supply Co., 
Ltd.; T nto, Ontario, Alex L: Clark, Ltd.; CUBA, Havana, Caribbean Electronics, S.A.; DENMARK, Copenhagen, Kinovox Electric Corp.; ENGLAND, 
l . Delane Lea Processes, Ltd.; HONGKONG, Supreme Trading Co.; INDIA, Bombay, Kine Engineers; ITALY, Rome, Reportfilm S.R.L.; JAPAN, Tokyo, 
Osawa & Co., Ltd.; PAKISTAN, Koraochi 3, Film Factors Ltd.; SWITZERLAND, Zurich 7/53, Rene Boeniger; THAILAND, Bongkok, G. Simon Rodio Co., Ltd. 


6-minute 16MM sound film “Planning an integrated sound system.” Available for loan, free, on request. 
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topographical surveying. Two simplified 
projections of the globe show the carto- 
graphical coverage by photography 
achieved by 1953, when more than half 
the ecarth’s land surfaces had been re- 
corded on film. 

By no stretch of the imagination can 
this be called a technical publication, 
but the July 1959 Camera is a technical 
achievement in which every professional 
in the photographic field may take pride 
and find pleasure. 


Film: An Anthology 


Ed. by Daniel Talbot. Published (1959) 
by Simon and Schuster, Rockefelle: 
Center, 630 Fifth Ave., New York 20. 
xiv + 649 pp., 6} by 94-in, Price $8.50. 


Film: An Anthology, described on the jacket 
as ‘“‘a diverse collection of outstanding 
writing on various aspects of the film 
published from 1923 to 1957,” parts the 
curtains on a ‘‘3-D” picture of the art 
for which the motion-picture engineer 
provides the materials. The three dimen- 
Daniel Talbot suggests are: 
I, Aesthetics, Society Commentary and 
Analysis; II, Theory and Technique; and 
III, History and Personal. 

rhe first section offers “critical apprecia- 
tions and evaluations of the film as an art 
form and a social instrument’ by such 
writers as Elie Faure, Erwin 
Panofsky, Allardyce Nicoll, James Agee, 
Manny Farber and Gilbert Seldes, among 
Section II samples discussions of 


sions that 


diverse 


others 


the techniques of the film art by some of 
its greatest practitioners — Pudovkin, 
Béla Balazs, Eisenstein, Rene Clair, Jean 
Cocteau and Paul Rotha — and adds 
some passages from Rudolph Arnheim’s 
Film as Art. Section IIT opens with “First 
Night on Broadway,” from Terry Ram- 
saye’s A Million and One Nights, and includes 
verbal portraits of D. W. Griffith, by 
Lewis Jacobs; and Samuel Goldwyn, by 
Alva Johnston. Aspects of ‘“‘moviedom”’ 
are discussed by Henry Miller, Leo C. 
Rosten, Lillian Ross and Ben Hecht; 
and several other writers are represented. 

Daniel Talbot, who was Eastern Story 
Editor of Warner Brothers Pictures for 
three years, has selected well from a wide 
range, and makes available several essays 
that are classics in the field. For those with- 
out either the time or the inclination to 
read the complete works from which these 
pieces are taken, this book provides a good 
“short course.”” There are some obvious 
omissions, such as Raymond Spottiswoode, 
but two of his books are listed in the well- 
annotated bibliography. Notes on the 
contributors and an adequate index round 
out the volume. 


The Engineering College Research Re- 
view 1959 (Ninth Edition) is edited by 
Renato Contini, Secretary, Engineering 
College Research Council, New York 
University, and Paul T. Bryant, Editor, 
Journal of Engineering Education, University 
of Illinois. It is published by the Engineer- 
ing College Research Council of the Ameri- 
can Society for Engineering Education. 








Foto-Video product pictured below. 


complete details 





“FOTO-VIDEO —NOW THE BEST VIDEO 
MONITOR IN THE INDUSTRY," says 


one of the Nation's electronic leaders about the completely new modularized 


Write or phone tr FOTO-VIDEO’ 


LABORATORIES, INC. 


LECTRONICS + ENGINEERING AND MANUFACTURING 
36 Commerce Road + Cedar Grove,N.J. * CEnter 89-6100 


OUTSTANDING PERFORMANCE FEATURES 


@ Superior definition, brightness, and 
contrast 

@ Excellent focus, 
sweep linearity 

@ Silicon Rectifier power supply 


P UNIQUE MECHANICAL FEATURES 

1—Completely modularized in construc- 
tion. Snap out one or more of the 
four modules and snap in replace- 
ment—in a matter of seconds. 

2—No ‘down time'’; anyone can do it. 


3—Some modules fit all sizes of monitors. 
whether 14'', 17°’, 21°" or 24" screen. 


interlace, and 
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The 459-page volume contains complete 
titles for all projects underway in schools 
which hold ECRC membership. Research 
personnel at each institution are listed and 
research policies are summarized. The 
book contains a complete index of research 
project subjects to help locate activities 
in similar fields at different institutions. 
According to the Review, more than 10,000 
research projects are now underway in 
118 engineering colleges in the United 
States. Budgets for these research activities 
for the current year total more than $112 
million. 


Printed Circuit Diagnosis Made Easy, 
by C. P. Oliphant, is a 64-page book 
published by Howard W. Sams & Co., 
1720 E. 38 St., Indianapolis 6. The book is 
intended primarily as a guide to service 
technicians in the servicing of printed 
circuits in television and radio chassis. 
It is priced at $1.00 and is available from 
bookstores and electronic parts distribu- 
tors. 


Electronic Switching, Timing and Pulse 
Circuits by Joseph M. Pettit is published 
by McGraw-Hill Book Co., Inc., 330 West 
42 St., New York 36. The book offers a 
basic type of analysis for circuits in which 
tubes or transistors are used primarily as 
switches having nonsinusoidal waveforms 
The author is Dean of Engineering and 
Professor of Electrical Engineering at 
Stanford University. 


The Changing Picture in Video-Tape for 
1959-1960: A Review for the Television 
Industry (2d ed.), a Minnesota Mining 
and Mfg. Co. publication (61 pp., illus. 
is a readable collection of quotations from 
about 40 trade and scientific magazines, 
interviews and papers on the subject of 
video tape. It contains a number of simpli- 
fied statistics and items of information. 
Video-taped TV programs are described 
in detail and techniques of writing, pro- 
ducing and directing are discussed. The 
book is priced at $1.50. It is available from 
the publishers by addressing P.O. Box 
3500, St. Paul, Minn. 


Visual Aids in Fundamental Education 
and Community Development by Romash 
Thapar is No. 27 in a series of reports 
and papers on the subject of mass com- 
munication published by Unesco. This 
report is on a regional seminar in South 
and South East Asia held in New-Delhi, 
India, in September 1958. Topics discussed 
included theoretical aspects of the pro- 
duction and use of visual aids in funda- 
mental education; practical aspects of the 
production and use of visual materials; 
professional training of technicians and 
educators in the production and use of 
visual materials; supply and distribution 
of visual material and equipment, and the 
use of visual aids in literacy teaching for 
adults, teaching and writing in the mother 
tongue, and teaching a second language to 
persons illiterate in their own. Report 
No. 27 is available from National Distrib- 
utors of Unesco Publications or from Mass 
Communication Clearing House, Unesco, 
Place de Fontenoy, Paris 7e, France. It 
is priced at 75 cents. 
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ARRIFLEX PRESENTS... 


NEW DIMENSIONS TO THE VERSATILE ARRI SYSTEM 


FOR 
THEATER-QUALITY 
SOUND 
FILMING... 


SYNCHRONOUS 
SIGNAL GENERATOR" 


Lip-synch recording with 4%” tape 


The most desired portable professional motion picture 
camera in the field achieves a new dimension...new pro- 
duction versatility...with this Synchronous Signal Gener- 
ator. (Illustrated on Arriflex 16—similar installation also 
available for Arriflex 35.) 


Standard battery operates the governor-controlled DC 
motor on the Arriflex—no need for generators or invertors 
to supply AC. As camera runs, the Synchronous Signal 
Generator produces a 60-cycle current, which is fed to a 
special recording head mounted on a tape recorder. This 
puts a control signal on %-inch tape at approximately 
90 degrees to the audio signal. In re-recording to film— 
magnetic or optical—this control track is amplified and 
controls speed of playback, maintaining frame-by-frame 
synchronization. 


This unit can be installed on all Arriflex models. 


*Licensed by and compatible with “‘Rangertone,” Newark, N. J. | 


write for complete literature 


ARRIFLEX 


S@eeeeseeeeeeeeee 


for extreme wide-angle filming... 
TEGEA 5.7mm f/1.8/T2 
SUPER-WIDE-ANGLE 


LENS 


with built-in filter slot for 2” square filters 


and | 
special | ee 
lens es | 
shade. mw 


4 
¥; 4 


This remarkable retrofocus super-wide lens extends the 
scope of Arriflex filming for such applications as instru- 
mentation, architecture and interiors, and for special 
effects. While extreme-wide-angle lenses present finder 
problems with conventional cameras, the Arriflex, because 
of its famous mirror-reflex system, is ideally suited to the 
5.7mm Tegea. 

OPTICAL SPECIFICATIONS: Bench-tested and selected ac- 
cording to critical ARRI tolerances. Unusually even coverage of 
the field in spite of extremely short focal length. Distortion 
corrected to 1.7° for field of 100°. Superb definition over the 
entire 16mm frame. Angular field 113°. 

DEPTH OF FIELD TABLE based on circle of confusion of .025mm (1/1000”) 


To 





Diaphragm setting Sharp from 





1.9 19” infinity 
2.8 16” 
a 14” 
5.6 12” 

8 10” 

11 9” 

16 8Y2” 











APPROXIMATE MECHANICAL SPECIFICATIONS 

Overall length beyond lens mount; 4%”; with lens shade; 6” 
Front diameter of lens; 342” 

Weight of lens without lens shade; 30 oz.; with shade; 36 oz. 
Front dimension of lens shade; 4x6” 


CORPORATION OF AMERICA 
257 PARK AVENUE SOUTH, NEW YORK 10, N. Y 


January 1960 Journal of the SMPTE Volume 69 





Nontheatrical Films — Table I. Who Spends the Money? Estimated Nontheatrical Film and Audio-Visual 


Expenditures in the United States by Type of Purchaser* (in 


An Interim Report == 





1959 1959 vs 1958 





By JOHN FLORY a a ' 
and THOMAS W. HOPE Business and Industry. 


Government (Federal, State, Local 
This Report supplements and brings up to date Education. 
the authors’ exhaustive study of the nontheatrical Religion 
Civic, Social Welfare, ete 


field, “Scope and Nature of Nontheatrical Films - 
ote p f Medicine and Health 


in the United States,” published in the June 1959 
ue of the Journal (pp. 387-392). Totals 


$171 +14% 
51 + 4% 
32 +1u% 
16 — 7% 
9 +12% 
8 +14 


$255 $287 +12% 


* Includes films, equipment, and other audio-visual materials, but does not include tape recorders and other audio- 


only equipment and materials 
Spending for nontheatrical films and visual 


communication tools reached an all-time 


high in 1959 with an estimated total of ; , ; : 
$287 million $32 million over the 1958 au. film distribution made a sizable in- 
crease. These three segments accounted for 
72% of the total money spent for visual 


communications. The production of film- 
strips, 2 x 2 color slides, and overhead 


total of $255 million. 
I'he greatest percentage gains were from 
film activities in medicine, business and 


industry, education and civic and social . y “s 
transparencies made good gains in 1959. 


[he comparatively modest increase in 
the equipment figure is accounted for by a 
delayed reaction to the National Defense 
Education Act of 1958. After Congress 
passed the law, some months elapsed be- 
fore the U.S. Office of Education and the 
various States could set up regulations and 
machinery to implement the program of 
stimulating more and better teaching of 
sciences, mathematics, modern foreign 
languages, and area studies by means of 
more effective use of audio-visual methods. 
Phis report has been prepared by John Flory, Advisor Meanwhile, schools held off their buying in 

Nontheatrical Films, and Thomas W. Hope, » a ° x . . 

the first half of 1959. Sales in the third and 


tant Advisor, Eastman Kodak Co., 343 State ‘ : 
Rochester 4, N.Y fourth quarters of the year were far in 


welfare agencies. Smaller gains were in 
religion and government buying. 

Ihe increases in medicine and business 
were caused in part by a decided trend 
toward low-cost film production and film 
circulation (distribution). Education had 
an increase in classroom film production in 
addition to greater all-around audio-visual 
activity and buying. 

Nontheatrical motion-picture produc- 
tion with its related release-print volume 





Py | 


= 


The Baldwin The Baldwin 
Reflection Densitometer Transmission Densitometer 
Used in conjunction with the Also for use in conjunction with the 
ce ll Photometer M.N.D.., this single-cell Photometer M.N.D., this 
/ operated instrument gives typically precise Baldwin instrument is 
in accurate measurement of designed for the measurement of trans- 
B.S. diffuse density. mission density to B.S. diffuse density. 


The infallible eyes 


As the techniques of photometry and densitometry become 
more and more complex, the comparison between prints 

or negatives cannot rest on the judgement ot the human eye, 
however well experienced. Today, the unvarying 

accuracy of Baldwin instrumentation is needed. 


PHOTOMETRY TODAY CALLS FOR BALDWIN PRECISION 


Write for Brochure JMP/117 containing details of the complete Baldwin range. 


instrument Division 


BALDWIN INDUSTRIAL CONTROLS 


Baldwin Instrument Company Ltd., Dartford, Kent, England 
Telephone: Dartford 20948 & 26411 
Cables & Telex: Baldwin, Dartford. A Harper Group Company 


Table Il. How Is the Money Spent? 
Estimated Nontheatrical Film and Audio- 
Visual Expenditures by Type of Product 
(in millions). 





Percent- 
age 
Change 





Production 
(Motion Pic- 
tures).... $ 95 
Release Prints 49 
Distribution 38 
Equipment 
Other Audio- 
Visual 


Totals 








excess of sales during the first half of the 
year, according to reports from equipment 
manufacturers and educational film pro- 
ducers. The year-end buying brought the 
equipment sales figure for 1959 to a 7% 
gain over 1958, 

Nontheatrical motion-picture produc- 
tions completed during the year jumped 
16%, from 7300 in 1958 to approximately 
8440 in 1959. Films for medicine and 
health made a spectacular gain of 33% 
while business and education productions 
were up a healthy 20°. 


Table III. Estimated Number of U.S. 
Nontheatrical Film Productions. 


Percent- 
age 
1958 1959 Change 





Business and Indus- 
try 4.500 5,400 +20 
Government 

(Federal, State, 

Local)..... 1,500 ,500 no change 
Education 500 600 +20 
Medicine and Health 300 400 +33 
Religion. 200 220 +410 
Civic, Social Wel- 

fare, etc. 200 210 +5 
Experimental & 

Avant Garde. 100 110 +10 


Totals 8, +16% 


Employment increased slightly in 1959. 
The total number of persons working full 
time in the visual communications field at 
the end of 1959 probably is close to 48,000. 

Sales of 16mm motion-picture sound 
projectors reached an estimated total of 
36,000 in 1959, bringing the total number 
of machines in the United States to about 
632,500. 
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VIN D 


MAIN OFFICE: 956 SEWARD, HOLLYWOOD, CALIFORNIA, HO 2-3284 
rod ee HOLLYWOOD FILM COMPANY « reels * cans ¢ shipping cases 
BRANCH: 524 WEST 43RD ST., NEW YORK, NEW YORK, LO 3-1546 
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products 


Cand developments) 


*eeeeeeeeeeeee#eee8#ee#e#t8e**# 
Further information about these items can be 
obtained direct from the addresses given. As in 
the case of technical papers, the Society is not 
responsible for manufacturers’ statements, and 
publication of these items does not constitute 
endorsement of the products or services. 


Thermoplastic Recording 


An electronic process for recording, 


storing and _ reproducing photographic 
images and technical data on thermo- 
plastic film is described in an article by 
W. E. Glenn, published in the December 
Applied Physics. 


General 


1959 issue of the Journal 
Dr Glenn a 
Electric Research Laboratory, did not, in 


scientist with 


the article, suggest possible applications for 
the new process, but the potentialities 
of the discovery have changed the thinking, 
in many areas, of motion-picture and 
television industrialists and its impact is 
presently reflected in the stock market. 
Other than motion-picture and television 
uses, applications that have been discussed 
by interested observers include electronic 
computers, data storage and space and 
Howard \ 
Chief Engineer of CBS, in an interview 
reported in the New York Times, Dec. 24, 
1959, commented on the advantages of 


missile research Chinn, 


such a process (thermoplastic recordings 
can be played back instantaneously and 
erased and reused like video tape and have 
visible images like film) and suggested 
that thermoplastic recordings may, in 
be largely substituted for both 
film and video tape. William 
Engineering Vice-President of CBS, quoted 
in the 7elevision Digest of January 4, com- 


the future 


Lodge, 


mented that development of a working 
method of thermoplastic recording will take 
Frank Marx, Engineering 
Vice-President of ABC also expressed a 
attitude. George I. Long, 


a long time 


‘wait and see 
President of Ampex, said that he believed 
that the “‘major application will be as an 
adjunct to existing recording magnetic 
techniques rather than as a replacement 
The process is based on use of an electron 
to cause “deformations” on _ the 
of a thermoplastic film. The de- 
formations can be detected optically, and 
images can be projected from the film by 
means of a special optical system. First 
step in the process is the conversion elec- 
tronically of technical data or photographic 
images into coded signals. The signals 
are further reduced to variations in the 
intensity of a beam of electrons. The 
electron beam is then directed back and 
forth across a three-layer film. The posi- 
tively-charged middle layer is sandwiched 





ines tal cane 


Fig. 1. Thermoplastic Recorder. The thermoplastic tape moves from the playoff reel 


bottom), 
up reel (top 


between a layer of heat-resisting plastic 
and a top layer of thermoplastic film with 
a relatively low melting point. When the 
electron beam moves across the thermoplas- 


ee ee ee 


Fig. 2. A suggested application for 
thermoplastic recording is data recording 
and storage. A “checkerboard” pattern 
recorded on thermoplastic tape is approxi- 
mately +55 in. in length and width. With 
the binary digit system, where the light and 
dark squares could represent 0 and 1, it 
would be possible to record at the rate of 
40 million bits per square inch of thermo- 
plastic. 


yast an electron gun, a heating unit, and an optical monitor to the take- 
I 


Fig. 3. Each frame of the thermoplastic 
record, above, is less than } in. wide and 
fits easily inside a paper clip. The image is 
recorded in the form of microscopic 
indentations, but when ordinary light 
strikes the record at an angle, the image can 
be seen with the naked eye. 
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tic film, a pattern of negative charges is 
deposited on the film in accordance with 
the data or images to be recorded. The 
next step is the conversion of this pattern 
to a pattern of depressions and ridges by 
means of a heating unit powered by radio- 
frequency energy. The heat melts the top, 
charged layer of the film, 
causing the deposits of negative charge to 
be attracted to the positive charge beneath, 
effecting a pattern of “ripples” — or 
deformations on the surface of the film. 
Next, a beam of light is passed through the 
film and into an optical system which 
makes it possible for the image to be viewed 
directly, projected onto a screen, trans- 
mitted electronically for TV viewing, or 
stored on the film. The pictures can be 
projected in black-and-white or color. 

Dr. Glenn, in this paper, did not refer 
directly to any similarities between the 
process he described and the Eidophor 
process, but an apparent relationship be- 
tween the principles of thermoplastic 
recording and the “ridges and valleys’ 
of the Eidophor projector has been noted 
Eidophor 


negatively 


by some commentators. The 
projector employs electronically produced 
wrinkles on an oily surface to produce a 
TV picture, while the ‘‘ripples and ridges” 
of thermoplastic recording are deposited 
electronically on film for a more permanent 
record. 

Following 
Ampex Corp. issued an 
stating that the firm ‘“‘has had under study 
for several years the process of recording 
sight, sound and coded impulses on thermo- 
plastic film by means of an electron beam.” 
The announcement (issued Dec. 28, 1959 
also states, ‘this and other promising new 
recording methods were described in a 
widely circulated Ampex bulletin issued in 
September 1959.” 


publication of the article, 


announcement 


The Waddell Camera, a 16mm high-speed 
motion-picture camera designed by John 
Waddell, has been announced by Camera 
Equipment Co., 315 W. 43 St., New York 
36. The new camera has a speed range of 
from 3 to 10,000 pictures per second, 
depending on the camera model and motor 
combination. It will accept the normal 
400-ft magazine, and is driven by either a 


permanent magnet 26-v d-c or a 115-v 
a-c/d-c, depending on the model. Features 
include electronic flash synchronization 
and exposure playback for oscillograph 
recorders; variable height fixed aperture 
plate; two built-in NE2H timing lights; 
manual or remote camera operation; film 
cutoff switch which operates an independ- 
ent 20-amp load relay; boresight focusing ; 
all components designed to withstand high 
G. The camera weighs 35 lb and measures 
8 in. by 7 in. by 7 in. Available accessories 
include a complete series of lenses from 
3.2mm to 152mm. All lenses include stand- 
ard series filters. Also available are 1 to 
10 miniscus close-up lenses; optical relay 
fiducial marker; and synchronizers. De- 
pending on the model, the price is from 
$1775.00 to $1850. 


A Catadioptric Light Screen which sets 
up a plane of light sensitive to hypervelocity 
projectiles from .22 caliber and up has been 
developed by Avco Research and Advanced 
Development Div., Wilmington, Mass. 
The device sets up a stream of light con- 
sisting of a collimated light beam which is 
reflected many times between parallel 
mirrors before passing into a photoelectric 
detector. A current change is caused in 
the detector when a hypervelocity pro- 
jectile breaks the light screen at any point. 
The current change is amplified and is 
used to trigger a shadowgraph system. 
The light screen measures 94 in. high by 
10 in. wide by 6} in. deep. It has a uni- 
formly sensitive screen area 6 by 6 in. 


The Model 335 Stand, developed initially 
for use with the Magnifax High-Speed 
Motion-Picture Camera is a product of 
Beckman & Whitley, Inc., 973 E. San 
Carlos Ave., San Carlos, Calif. The stand 
weighs 43 lb, stands 61 in. high and 
provides camera-platform adjustments from 
14 in. to 62 in. above floor level. Recom- 
mended for use with instruments weighing 
between 20 and 40 lb, features include a 
metal ring at the base of the stand through 
which camera cables can be passed to 
minimize the possibility of tipping the 
stand by an accidental pull. 


The Oscar Model K, an oscillogram and 
strip chart record reader designed for 
small laboratories and test facilities, has 
been announced by Benson-Lehner Corp., 
1860 Franklin St., Santa Monica, Calif. 
The reader measures trace amplitudes, 
applies a linear or nonlinear calibration, 
converts the data to engineering units and 
automatically operates a typewriter and 
punch card. 


The Sens-OAR-chrome is an electronic 
color monitor and control unit for dis- 
playing information revealing variations 
in hue and in intensity of light received 
from test samples. A product of Comapco 
Inc., Suite 207, 17071 Ventura Blvd., 
Encino, Calif., the initial model (1B1) 
is intended primarily for analysis and con- 
trol cf light transmitted by liquids, sols, 
gels, or solid transparent or translucent 
objects. The basic photocell system is 
designed to have a pattern of color-sensi- 
tivity resembling that of the human eye. 








4 


NEWTON-RINGS, those optical gremlins 


that thwart. all efforts at color-perfect slide 
projection, can now be a thing of the past. 
LINDIA’S Swiss made “NEWLO” glass, with 
special etched surface, completely eliminates 
this disturbing rainbow phenomenon. By pro- 
viding for the free flow of air between film 
and protective glass, etched surfaces prevent 
all moisture condensation . . . VOILA — NO 
NEWTON-RINGS! 

Precision ground to closest tolerances, for a 
perfectly snug fit every time, precleaned 
“NEWLO” glass saves you many precious hours 
of labor. And “NEWLO” glass is extra-thin and 
colorless, for maximum transparency brilliance 
and true color rendition. 

Ask for ““NEWLO” glass the next time you buy 
LINDIAS—the inimitable Swiss Snap-in mounts: 
SIMPLER — JUST INSERT AND LOCK... 
SWIFTER—5 SECONDS TO MOUNT A SLIDE 
SAFER — FOR LIFELONG PROTECTION! 


Box of 20 Box of 100 
w/“NEWLO” glass $2.95 $13.95 
w/regular glass $2.55 $11.95 








See your local dealer 
or write for free 
brochure SML-1 
Enclose dime (l(c) 
for sample mount, 


karl heitz 








480 LEXINGTON AVE.,N.Y.17 @ YUkon 6-4920 


January 1960 Journal of the SMPTE Volume 69 73 





A miniature incan- 
descent lamp  de- 
scribed as “‘the smal- 
produced 
assembly 


lest ever 
on an 
line,” has been an- 
nounced by  Syl- 
vania Electric Prod- 
ucts Inc., 730 Third 
Ave., New York 17 
The lamp, called the Mite-T-Lite, is 
cylindrical witha diameter of approximately 
0.040 in. Its length is about 0.125 in. 
Che lamp leads are platinum in a diameter 
of 0.005 in. The filament is 0.00025-in. 
tungsten wire of approximately 30 turns. 
Suggested applications include airborne 
electronic systems, high-speed punch-card 
and readout devices, compact matrix 
displays, photoelectric logic systems and 
other microminiature circuits. 


Automatic exposure and processing of 
photographic plates used in the permanent 
memory of an experimental electronic 
telephone switching system, called the 
Flying Spot Store, is a development of 
Bell Telephone Laboratories. The informa- 
tion is in the form of thousands of tiny 
clear dots on an otherwise opaque photo- 
graphic area two inches square. Seventeen 
areas are used together to make up a 
complete photographic plate, and the 
entire permanent memory store is made up 
of four such plates. The spots of clear and 
opaque film are scanned by a beam which 
is generated by a cathode-ray tube and 











Write for a copy of Our 1960 














Catalog H on Your Letterhead 


Mele- Kkickurdsen Co 


937 NORTH SYCAMORE AVENUE, HOLLYWOOD 38, CALIF. 


focused by a system of lenses. The move- 
ment of the beam is controlled by an 
electronic and optical positioning system. 
The plates are exposed when the moving 
beam from the cathode-ray tube is focused 
through an objective lens onto the photo- 
sensitive area. The spot is moved over the 
entire two-inch-square image area and 
stopped briefly at positions where a spot 
exposure is desired. After exposure the 
plates are placed in an automatic processor 
for developing and fixing. The Flying 
Spot Store and the automatic processor 
are described in papers which were pre- 
sented at the recent meeting of the Society 
of Photographic Scientists and Engineers 
in Chicago, by M. B. Purvis and G. V. 
Deverall; and by R. K. Eisenhart and R. F. 
Glore. 


An experimental device that reads 
handwritten words has been built at Bell 
Telephone Laboratories. It has a ten-word 
vocabulary, “‘zero” through “‘nine”’ spelled 
out. To use the reader, the writer moves a 
metal stylus over a special surface just as 
if he were writing with a pen or pencil. 
The stylus is wired to make electrical 
contact with 15 horizontal metal strips 
alternately sandwiched between strips of 
electrical insulating material on the surface. 
Up-and-down movements of the writing 
cause electrical connections to be made 
with the metal strips in sequence. The 
sequence. and number of connections tell 
the device which of the ten words has been 
written. When the writer touches an 





Specialized 


LIGHTING 
EQUIPMENT 


for MOTION PICTURE, STILL 
and TELEVISION STUDIOS 





“Identify” button with the stylus a light 
appears beside the numeral corresponding 
to the word he has written. This device is 
believed to be the first to read cursive 
script despite variations in individual style. 
It also explores machine reading by entire 
words rather than letter by letter. 


Catalog H, a new 54-page catalog has been 
issued by Mole-Richardson Co., 937 N. 
Sycamore Ave., Hollywood 38. The illus- 
trated volume gives descriptions and speci- 
fications for lighting equipment, pedestals, 
grip equipment, special effects equipment, 
microphone booms, power distributions 
components and also contains a revised 
8-page list of books which the firm stocks. 


Three new ColorTran lighting units, 
products of Natural Lighting Corp., 
630 S. Flower St., Burbank, Calif., are 
described in a folder available from Camera 
Equipment Co., 315 W. 43 St., New York 
36. The new lighting units are Cine King 
Light for spot or floodlighting, designed 
for use with the Par 56 (300-w) sealed-beam 
aircraft-type lamp, or the 500-w Par 64; 
the Super Kicker used to boost power 
lighting in close-ups and the Kicker, a 
slightly smaller version of the Super 
Kicker. 


A method of connecting wires and com- 
ponent leads without soldering has been 
developed by Plastic Associates, 185 Moun- 
tain Rd., Laguna Beach, Calif. The 
junction cell consists of a gold-plated eyelet 
and a rubber core. When the core is pulled 
upward the rubber stretches allowing wires 
to be slipped easily inside the eyelet. 
When released, the rubber core grips the 
wires or component leads, pressing them 
firmly against the gold-plated surface and 
establishing an electrical contact of essen- 
tially zero resistance. 


The National Carbon Co. field service, 
which is part of the program of the Com- 
pany, a Division of Union Carbide Corp., 
535 Fifth Ave., New York 17, has been 
advanced by the issuance of compact 
service kits to the 12 sales engineers who 
work directly with projectionists and 
theater owners on screen lighting problems. 
Each kit contains the following equipment: 
brightness meter to measure footlamberts 
on the screen; foot-candle meter to measure 
incident light on the screen ; volt-ohmmeter 
and clamp-on ammeter for checking elec- 
trical conditions at the lamp; dummy lens 
and set of alignment rods and accessories 
designed for every carbon size and lamp 
now in service; pinhole apertures and 
split-plate aperture plates for quick check 
on alignment; stop watch for checking on 
carbon burning rate; micrometer for car- 
bon measurements, and _ sliderule for 
making accurate calculations in the pro- 
jection booth. 


Wilding Inc., a Chicago firm specializing 
in industrial motion pictures and _ sales 
promotion, has announced the purchase of 
Commercial Pictures Equipment, Inc., 
manufacturer of specialized equipment for 
industrial motion-picture and_ slidefilm 
projection. A. J. Bradford, who founded 
the latter firm, will remain as its president. 
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A new branch of Camera Equipment Co., 
called CECO of Florida, has been opened 
at 1335 E. 10th Ave., Hialeah, Fla. The 
new branch will carry a full range of pro- 
fessional equipment and will maintain a 
repair and service department. It is con- 
veniently located to downtown Miami and 


Miami Beach. 


Camera Equipment Co., 315 W. 43 St., 
New York 36, has been appointed agent 
for TelePrompTer in the motion-picture 
field. The service is available at a price of 
$125.00 for an eight-hour day. Installation 
and operation is by Tele PrompTer-trained 
personnel, 


Establishment of a Closed-Circuit Tele- 
vision Division has been announced by 
Marconi Wireless Telegraph Co. Purpose 
of the new division is to coordinate and 
expand activities in the military, scientific, 
industrial, commercial and educational 
applications of closed-circuit television. 
Changes made in the Broadcasting Division 
as a result of the formation of the new 
Division include the appointment of G. E. 
Partington as Chief Engineer of the Broad- 


casting Division. 


The Federal Machine Tool Co. of Boston 
has been purchased by Houston Fearless 
Corp. for an undisclosed amount of com- 
mon stock. The company will retain the 
Federal name and will operate as a division 
of Houston Fearless. Major activities in- 
clude precision tooling and design and the 
manufacture of electronic components and 
automated chemical process control equip- 
ment 


Houston Fearless Corp. has moved its 
New York Regional Office and Showrooms 
to General Motors Building, 1775 Broad- 
way, New York 19. The head office and 
plant are in Los Angeles 


Vicom, Inc., 800 Linden Ave., Rochester 
10, N.Y., is a new firm specializing in the 
field of motion-picture equipment, mag- 
netic film recording systems, audio-visual 
systems and optical projection systems. 
Announcement was made by Fred E. 
Aufhauser, head of the new company. 
He was formerly President of Projection 
Optics Co., Rochester, N.Y. 


Video Talk, Bulletin No. 1, is the first of 
monthly series on the use of video tape to 
be issued by Minnesota Mining and Mfg. 
Co., Magnetic Products Advertising, 900 
Bush Ave., St. Paul 6, Minn. This first 
bulletin, available upon request, is ac- 
companied by a folder for permanent file 
purposes and specification pages for tape 


and tape reels. 


The 1960 (24th) edition of the Radio- 
Electronic Master published by United 
Catalog Publishers, Inc., 60 Madison Ave., 
Hempstead, N.Y., detailed 
descriptions, specifications and prices of 
more than 170,000 standard stock items 


provides 


sold through electronic distributors. Prod- 
ucts of 330 manufacturers are listed in 
the 155l-page catalog, which contains 


more than 12,500 illustrations. The volume 
may be obtained from local electronic 
distributors throughout the United States 
and Canada. 


Model 70A, a closed-circuit TV camera 
designed for heavy-duty industria] use as 
well as general closed-circuit applications, 
has been developed by Dage Television 
Division, Thompson Ramo Wooldridge 
Inc., Michigan City, Ind. The camera 
features a newly-developed transistorized 
video amplifier which eliminates micro- 
phonics and provides 600-line resolution. 
Electronic circuits automatically make 
instantaneous adjustments to variations in 
light levels. Other 
chassis controls to regulate horizontal and 
vertical size, linearity and centering, and 
adjustments for beam and black level. 
The camera is 7§ in. high, 54% in. wide and 
1142 in. long. It operates on 45 w, 115-v, 
6-c power. It is priced under $1400. 


features include on- 


Selector Charts designed to make it easy 
to select the proper compound, coating, 


foam or bonding agent suitable for specific 
requirements are contained in a bulletin 
(Bulletin 121 available from Plastic 
Associates, 185 Mountain Rd., Laguna 
Beach, Calif. Definitions are provided for 
such terms as casting, encapsulation, 
impregnation, and coating. The charts 
offer hard, semi-rigid and flexible formula- 


tions for each processing application. 


A 16mm projector with a specially de- 
signed 15-w amplifier has been announced 
by Victor Animatograph Corp., Div. of 
Kalart, Plainsville, Conn. Called the 
Kalart/Victor Model 7-15, it is designed 
for quietness of operation, ease of main- 
tenance and flexibility. An 8-in. speaker, 
an integral part of the projector door, 
may be operated on the projector or may 
be detached and placed anywhere up to 
50 ft away from the projector. 


A closed-circuit TV system supplements 
the stock quotation board of a New York 
brokerage firm to make latest price infor- 
mation available to employees and cus- 
tomers in widely separated locations. 
Designed by General Precision Laboratory 
Inc., Pleasantville, N. Y., the system 
consists of a TV camera which feeds 
pictures of the ticker tapes to 15 monitors 
placed in offices, research and sales areas. 
[he system employs a device described as 
a ‘“‘dual ‘damping’ device’? to transmit 
clear images of prices. A standby camera 
can be brought into use by means of a 
switch-over panel. 





DO YOU NEED PARTS REQUIRING THE CAREFUL 
WORKMANSHIP OF THIS 35mm MOTION PICTURE 


CONSTRUCTION: 


One Piece 


Max. wall thickness .058 


weight 0.75 oz. 


heat treatment 90/15N 


TOLERANCES: 
ground dias.+.000! 
bore +.00005 
laterals+.00! 


concentricity .0002TIR 
TOOTH REQUIREMENTS: 


16 teeth each flange 


Tooth form radius +.0005 
equally spaced within .00015 


FILM SPROCKET? 


ACTUAL 


All 4 corners of tooth broken SIZE 
.005 min. from tip to root 


completely burr free 


This is typical of the unique field in which LaVezzi has specialized 
for over 50 years. Your small high precision machine work can 
be expertly accomplished by the skilled personnel and fine faci- 
lities at LaVezzi. Your inquiries are earnestly requested. Facilities 
list and brochure upon request. 


SaDVegac MACHINE WORKS 





4635 WEST LAKE ST., CHICAGO, ILLINOIS 
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TIME 
MONEY 


AND YOU'LL 


SAVE BOTH 


WITH THE 
PROFESSIONAL 


PRESTO-SPLICER 


NEG AND POS PRINTS 


splices negatives and posit 
end on the frame-line, withou 
of a single frame. No overlap, n 
thickness. Does aw 

matching. D 

print out of s 


TV KINESCOPES © 


Projection prints are butt-we 

end on the frame-line without ce 
Splice is undetectable 

as the film itself.-No click 

magnetic sound tracks 


2% SECONDS PER SPLICE 
No scraping of emulsion, no ceme 
adhesive strips. PRESTO-SPLICER w 
film end-to-end, producing a ji 

is literally as strong as the film itself 
and in less than 1 the time required f 
conventional splicing 

In any application calling for the 
cision splicing of 16mm, 

70mm polyester-base or safety 
PRESTO-SPLICER is the only ar 

For information and brochure 


PRESTOSEAL 
MANUFACTURING CORP. 
37-27 33 Street, L. |. C. 1, N. Y. 


Export: Reeves Equipment Corp. 
P. O. Box 171, Pelham, N. Y. 








An optical fiber probe linked to a closed- 
circuit TV system for use in dental and 
medical instruction is under development 
by Avco Research and Advanced Develop- 
ment Division, 201 Lowell St., Wilmington, 
Mass. The probe system consists of a bundle 
of optical fibers bound together in a small 
whip-like cable with a fingertip-size lens 
arrangement at the probing end and 
coupled to a closed-circuit TV camera 
at the other end. A bundle contains up to 
10,000 of the hair-like fibers. Each fiber 
picks up light from a microscopic section of 
the surface in front of it and transmits the 
speck of light to the other end. With 
thousands of the fibers bound tightly into 
a cable, a picture made up of the thousands 
of light segments can be sent from a lens 
placed, for example, inside a patient’s 
mouth for dentistry instruction, to the 
TV camera and from there to the screen, 
where a tooth or a portion of it can be seen 
magnified up to 35 times its actual size. 


A demonstration of the interchange- 
ability of color TV tape recordings 
on machines manufactured by the same 
firm was conducted by the RCA Broadcast 
and Television Equipment Division on 
October 27 at Camden, N. J. The new 
RCA Color TV Tape Recorders have 
been designed so that a color tape made 
on one RCA machine can be played on 
another RCA machine with a different 


head assembly. Electrical and mechanical 
precision in the manufacture of the head 
wheel assembly is the basis for the inter- 
changeability feature. 


Purchase of a $4 million mobile color 
TV tape recording studio by Red Skelton 
has been announced jointly by Ampex 
Corp. and General Electric Co. The 
studio-on-wheels will be contained in two 
vans and a truck carrying an auxiliary power 
unit. Equipment includes two Ampex 
VR-1000B Videotape color television re- 
corders; waveform monitors (Tektronix 
525); video monitors (Conrac CM 17/R); 
audio monitors (Ampex 9901); color 
monitor (Conrac CH 21 B); tape splicer 
kit and audio and video patch panel with 
distribution amplifier. The color camera 
to be used is the G.E. Type PE 15A. 
The switching panels are GE Type TS 2A. 
The transistorized audio console is GE 
Type BC21A. 


The Mark VI-M, a manually controlled 
version of the remote controlled Mark VI 
zoom lens for vidicon cameras, has been 
introduced by Zoomar, Inc., Glen Cove, 
L.I. The lens has a zoom range of 6:1 
and a focusing range of 8 in. to infinity. 
The speed and focal length ranges are: 
f/3.5, 25mm to 150mm; with optional 
extender, {/5.6, 40mm to 210mm. The 
resolution is 800 TV lines. The coverage 
is § in. diagonal. Dimensions are 2} by 
24 by 6} in. and the weight is 1} lb. It is 
priced $800. 


A silicone-dampened, “hydrofluid,” ball- 
leveling pan and tilthead tripod has been 
announced by National Cine Equipment, 
Inc., 209 W. 48 St., New York 36. It is 
suitable for use with all cameras weighing 
less than 40 Ib. It features a telescopic 
pan handle with variable angle adjustment 
and can be operated from a righthand or 
lefthand position. It is priced at $329.50. 





A new zoom bench, designed to speed 
up the production time for special effects, 
has been announced by Eastern Effects, 
Inc., 333 W. 52 St., New York 19. The 
machine is said to have the ability to reduce 
or enlarge a frame 20 diameters while 


maintaining automatic  self-focus and 
aperture. It has even distribution of the 
light source in the field and is designed to 
spin a scene 360° while running live footage 


without use of prisms. 
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The Type 1830 Two-Film Adaptation 
Unit for use with the Arriflex 16mm camera 
is a product of the G. B-Kalee Division of 
Rank Precision Industries Ltd., 37-41 
Mortimer St., London W.1, Eng. The new 
unit is used with the Gaumont-Kalee 
Single-System Magnetic Recording Unit 
to convert the single system into a two-film 
system suitable for indoor filming and sound 
recording. The new Two-Film Unit com- 
prises a small box weighing 43 Ib which 
contains a synchronous motor drive with 
gearing, film spooling plates, film footage 
counter and control switching. The Gau- 
mont-Kalee Type 1690 soundhead is fitted 
into this unit, instead of to the picture 
camera as in the single system. Threading 
follows a straightforward pattern and the 
3-position switch provides a choice of 
either local or remote operation. 


A new 35mm Angenieux Zoom Kine 
Lens has been announced by James A. 
Sinclair & Co., 3 Whitehall, London, 
S.W.1. Dimension of the lens is 54 by 2} in. 
The aperture is f{/3.5 and focal range from 
35mm to 140mm. It is priced at $275. 


The F & B Triplex Animation Stand, 
a product of Florman & Babb, Inc., 
68 W. 45 St., New York 36, is described in 
a booklet available upon request from the 
company. The basic stand consists of two 
ground-ssteel 
diameter, on which the camera carriage 
travels on ball bearings. A zoom hand 


columns, two inches in 


wheel elevates the camera carriage. The 
columns pivot from a vertical to a horizon- 
tal position on a diameter axis of 1} in. 
which is fastened to: cast-iron legs. The 
machine rests on four adjustable leveling 
feet. The artwork table has a 94 by 124 
cutout for rear lighting. It is on an inde- 
pendent pivot, free from the columns so 
that the columns may be swung in an 
angular position and the table will remain 
level. The columns may be swung in a 
horizontal position and the table pivoted 
out of the way to allow photographing 
artwork of unlimited size. Height of the 
stand in the vertical position is 97 in. The 
length is 102 in. and the width is 36 in., 
and weight is about 450 lb. The basic 
stand is priced at $995. 
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An underwater blimp, tested by Navy 
Frogmen for one hour at a depth of 300 
ft without pressurization, has been an- 
nounced by Birns & Sawyer Cine’ Equip- 
ment Co., 6424 Santa Monica Blvd., 
Hollywood 38. The unit will accept either 
16mm or 35mm Arriflex camera. It has a 
loading capacity of 400 ft. The 16mm Arri 
housing has separate nose cones available 
for the wider 5.7mm lens and accepts 
either 9mm Kinetal or 10mm Schneider 
lens. In the 35mm housing the sportsfinder 
will extend for 18mm lens use. For through- 
the-lens viewing, the cameraman has the 
same optical axis for lens and sportsfinder. 


The Kodak Zoom 8 Camera (Auto- 
matic f/1.9) features a zoom (variable 
focal length) lens that in effect shrinks 
and stretches the camera-to-subject dis- 
tance as it slides forward and backward. 
Recommended for amateur use, the camera 
can be set at the wide-angle (9mm), 
normal (13mm) or telephoto (24mm) 
positions. Under average daylight condi- 
tions, the wide-angle lens setting can be 
used as close as two feet from the subject; 
the normal lens setting to 34 ft and the 
telephoto lens setting to 11 ft. The camera 
is priced at $139.50. 


The Gaumont-Kalee Flutter Meter Type 
1740, a product of Rank Precision Indus- 
tries, is distributed in the United States 
by Benjamin Berg Co., 1410 N. Van Ness 
Ave., Hollywood 28. The flutter meter is 
designed primarily to measure the varia- 


tions from constant speed of sound record- 
ers or reproducers. It is equally suitable 
for use with machines employing photo- 
graphic or magnetic soundtracks on film, 
tape, wire or disc records. The circuit 
comprises a tuned input amplifier which 
is also used as an oscillator, an amplitude 
limiter and a frequency discriminator. 
The frequency discriminator output is 
coupled to the “peak wow” meter. A 
Travis double-tuned discriminator is used. 
To provide for making measurements of 
machines which are not running exactly 
at the correct speed or from recordings in 
which the 3000 cps tone is only approxi- 
mate, provision has been made for tuning 
the discriminator over the range 2850 to 
3150 cps ( +5% of mean). The tuning 
knob is on the front panel, with a scale 
marked in percentages above and below 
mean speed. 


A portable, wide-range (2.5 cps — 25 
kc) Sound and Vibration Analyzer, Type 
1554-A, is a product of General Radio Co., 
West Concord, Mass. The instrument has 
10:1 span on each of four ranges and 
features a }-octave bandwidth (1.26:1), 
narrow bandwidth (8%, constant with 
frequency) and all-pass response. The 
analyzer is a tunable voltmeter, the 
bandwidth of which is a constant percent- 
age of the center frequency. The minia- 
turized construction employs 11  transis- 
tors, four subminiature tubes and shock- 
mounted amplifier boards. It is contained 


Here are the Cinema Resistors used 


in the nation’s finest instruments. 


Pr 


Wire-wouritth, 


MICRO-MINIATURE 
RESISTORS 


for applications where space is 8 
at a premium. 


axial and printed circuit types 


temperature coefficient of 
resistance +20 PPM. 


for —65° to +150°C operation 
epoxy encapsulation 
accuracies 1% to .01% 

Write for Bulletin -b€1066 


~~ “*\, 
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in a carrying case with overall dimensions 
of 10§ in. by 153 in. by 114 in. It is priced 


at $1060. 


The PS75 Stereo, a stereophonic version 
of the Magnecord P75 Editor tape re- 
corder/reproducer is a product of Magne- 
Instruments, 
Okla. It has 


matched 


cord, Div. of Midwestern 
In P.O. Box 7186, Tulsa, 
stacked stereophonic 


heads and 


twin record/playback amplifiers. It is 
dual-speed 


indi- 


powered by a. direct-drive 
and 


recorder 


motor 
The 


automatic 


hysteresis synchronous 


vidual reel drive motors. 


features instant starting; tape 
lifter for fast-forward and rewind; solenoid- 
operated fail-safe brake control to prevent 
shutoff at the end 


manual 


tape spillage; automatic 
of the 


Separate erase, low-impedance record and 


reel, and easy cuing 
playback heads allow simultaneous record 
and playback. Price of the unit (without 
the case) is $1185. Supplied with a case, 


the price 1s $1305 


An ll-transistor high-fidelity § stereo- 
phonic amplifier and preamplifier called 
the TEC S-25 has been announced by 
Iransis-Tronics (TEC), Inc., 1650 21st 
St., Santa Monica, Calif. The amplifier 
provides all possible sources for 
phonic FM multiplexing, AM 
tuning and stereophonic TV. It is 
adaptable to portable applications using 
either a 12-v d-c battery power supply or 
The 


a mobile home or boat 


stereo- 
sideband 


also 


115-v a-c house current. system is 


recommended for 


TEL-Amatic NEG. & POS. 
35 mm FILM CLEANER, 


Assures Better Results Than 
Machines Twice the Price! 
You cannot damage film with this highly advanced, TEL- 


Amatic JET-SPRAY film cleaning machine. Extensive lab- 
oratory tests using films with the softest emulsions have 


proven excellent results. 


handle a battery of TEL-Amatics 


Also features silent belt timing 
drive, 3,000’ capacity, speed in excess of 10,000’ per 
hour and fine precision workmanship. One person can 
a great labor saver. 


A sound system which utilizes transis- 
torized preamplifiers to maintain high- 
quality reproduction over long distances 
has been announced by Executone, Inc., 
415 Lexington Ave., New York 17. 
One preamplifier is located adjacent to or 
built into each microphone, radio tuner 
and This 
preamplifier boosts the weak signal pro- 
duced by voice or musical instrument and 


record player in the system. 


makes it strong enough to travel long dis- 
tances to the power booster amplifier or 
mixer without pickup or other 
decrease in the quality of sound reproduc- 


noise 


tion. 


The FS Multi-Layer Interference Filter 
No. 6143, a colorless, nonabsorbing filter 
developed to ultra- 
violet while reflecting infrared, has been 
announced by Fish-Schurman Corp., 70 
Portman Rd., New Rochelle, N.Y. The 
filter is said to transmit about 90% in the 
visible from 4254 to 7004 with a sharp 
700u, reflecting the 


remove completely 


cutoff beginning at 
longer wavelengths. The half-transmission 
point is at 412 on the short and 
725yu on the long side. 


side 


A daily processing schedule for all 
16mm_ black-and-white films has been 
announced by Fischer Photographic 
Laboratory, Inc., at its new headquarters at 
North Ave., Oak Park, Ill. The 
processing machines are designed and 
built by company personnel. The machines 
developer 


6555 


incorporate such features as 








Just a Few af the Many Features: 


Jet-Spray Film Wash for BOTH 16mm and 35mm Film 





Curved Vacuum Air-Blast Squeeg 
Special Non-Scratch Buffers 
Requires Only 15 feet of Leader 


Electric Solution Level Indicator 


Variable Speed DC Drive 


(Patent Hi 


Complete operation VISIBLE at all times 


d for) 


PP 


Automatic Operation—Pushbutton Control 
Designed for Originals and Release Prints 
Continuous Air and Solution Filtering 

Take-up Torque Motor, Adjustable, Reversible 


COMPLETE 
onty $2950 


®Registered Trademark 


“The Department Store of the Motion Picture Industry Since 1926” 


S. 0. S. CINEMA SUPPLY CORP. 


Dept. T, 602 West 52nd St., New York 19—PLaza: 7-0440—Cable: SOSound, N. Y. 
Western Branch: 6331 Hollywood Boulevard, Holly’d. 28, Caliti—Phone: HO 7-2124 
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temperature controlled to +0.1 F, 
tinuous replenishing and filtering of 
solutions and hypo silver recovery. 


con- 


Commercial processing of the new 16mm 
Eastman High Speed color films, SO-260 
Daylight (ASA 160), and SO-270 Tungsten 
ASA 125) under from Eastman 
Kodak Co. has been announced by Jamie- 
son Film Co., 3825 Bryan St., Dallas 4, 
Tex. A newly-developed machine is used 
in the processing. include an 
unusual threading method and a system of 
drive which adjusts itself to the tension or 
slack condition of the film in process to 
prevent breaking. Chemicals may _ be 
completely exchanged every 20 minutes 
to insure uniform control of the 
The machine uses polystyrene tube-tanks 
through which the film is continuously 
driven. In addition to ordinary processing 
the firm is also offering forced processing 
to ASA ratings of 320 daylight and 250 
tungsten, by special arrangement. 


license 


Features 


process. 


An agreement between Loew’s, Inc. and 
Cinerama, Inc. for the production of 
dramatic feature-length films in the Cine- 
rama process has been announced jointly 
by Joseph R. Vogel, President of Loew’s, 
and Hazard E. Reeves, President of 
Cinerama. A series of “‘big-scale dramatic 
stories and musical comedy entertainment” 
is scheduled for production by Metro- 
Goldwyn-Mayer during the next seven 
years. versions of the three-strip 
films will be made, one for showing in 
theaters adapted to Cinerama and the 
other for eventual conversion to 35mm for 
world-wide release in conventional thea- 
ters. The Cinerama process was developed 
by Fred Waller and introduced to the 
public in 1952, but despite immediate 
public acceptance, it has been used in 
only five pictures and these are described 
as “glorified travelogues.” 

Special features of Cinerama include 
use of three projectors to produce a ‘“‘natu- 
ral vision’? picture on a deeply curved 
wide screen. According to an article in 
the Weekly Variety of Dec. 23, 1959, the use 
of M-G-M’s Camera 65 Panavision system 
in photographing Cinerama productions 
is being considered. 


Two 


The Super-Technirama-70 process, first 
used in the production Solomon and Sheba, 
had its world premiere at the Astoria The- 
atre in London. The theater’s Todd-AO 
screen was replaced by a larger screen with 
the curvature specially designed to afford 
an equally satisfactory view from each of 
the theater’s 1400 seats. The new process 
uses standard Technirama 70mm prints 
projected under ‘“‘super” conditions. The 
negatives, both picture and sound, are on 
35mm. The picture is on_horizontally- 
running Technicolor with a 1.5:1 squeeze 
effected by an anamorphic device designed 
for Technicolor by Prof. Dr. A. Bouwers 
of Holland. The device consists of an 
arrangement of glass prisms and mirrors 
which compresses the wide panoramic 
view sideways before recording it on the 
wide negative frame. 

The projectors are a development of the 
type designed by Philips of Eindhoven, 
Holland, and are constructed with the 
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greatest possible precision. In New York, 
Capitol Theater has been re-equipped for 
the first showing in the United States of 
Solomon and Sheba. 


An experimental ground station for 
sending ‘and receiving telephone mes- 
sages by way of man-made satellites 
is being constructed by Bell Telephone 
Laboratories at Holmdel, N.J. The station 
will include control buildings and two 
large antennas for communication with 
objects in outer space. One of the uses of 
the installation will be to take part in 
communication projects sponsored by the 


employment 
service 


eeeseeeses#2esee3#ee#ee#ee#ee#e#8e« 
These notices are published for the service of the 
membership and the field. They are inserted 
three months, at no charge to the member. The 
Society’s address cannot be used for replies. 





Positions Wanted 


Motion Picture Laboratory Specialist. Well 
versed in equipment and procedures. Desires 
position with a well established organization. For 
resume write: Charles Stephens, 772 Miami 


Chapel Rd., Dayton, Ohio. 


Director, Cameraman, Editor of nontheatrical 
films. Experienced in all phases of film produc- 
tion. Was employed by Audio Visual Service 
USOM/L, c/o American Embassy in Beirut, 
Lebanon as Program Advisor, Film Production 
Supervisor. Age 26, married, member of SMPTE, 
willing to relocate. Resume on request. Write: 
Hrayr Toukhanian, 3731 Irving St., San Fran- 
cisco 22. 


Motion-Picture Production and Direction. 
Former Secretary-Treasurer SMPTE Student 
Chapter CCNY, trained in all phases motion- 
picture production and directing, desires posi- 
tion with production company with possibility 
of working up through editing and camera to 
direction. Age 29, single, willing to relocate 
Robert F. de Brito, 120 East 31 St., New York 
16. MU 5-3060. 


Film Writer-Director-Editor with broad ad- 
ministrative, advertising and public relations 
background. Fully capable of supervising in- 
dustrial audio-visual department. Screen credits 
include all types of films from documentary 
to drama. Know cost control, sound recording, 
evaluation, equipment. Write Film Director, 
4410 Walsh St., Chevy Chase 15, Maryland 


Industrial Photographer, Producer, Director 
Desires position with vigorous film production 
outfit in either production or organization. 
Will accept heavy project responsibility. Ex- 
perienced in all phases of motion-picture pro- 
duction and laboratory operations. Thoroughly 
familiar with military photographic requirements 
especially in the area of missile R & D. Single, 
willing to relocate. Resume on request. Write: 
Avrum M. Fine, 272 West 17th St., Hialeah, 
Fla. 


National Aeronautics and Space Adminis- 
tration. Although single telephone channels 
will be used in the experiment, the objec- 
tive is to determine whether television’s 
broadband signals could also be trans- 
mitted. The microwave radio signals to be 
used in the experiment will be analyzed 
to obtain information about transmission 
effects. The data will also be studied to 
discover the reflection characteristics of 
satellites in orbit. The installation will 
include a dish-shaped antenna to transmit 
signals and a horn-shaped antenna, designed 
earlier by Bell Telephone engineers, 
to receive signals. 


Cameraman Trainee. Young Nigerian wishes to 
be trained as TV or motion-picture cameraman 

Six years local training in Nigeria as projec- 
tionist-technician plus 2 yrs work and study in 
same field with C.M.A. Ltd., London. Practical 
experience in operation and maintenance of 
16 & 35mm films and projectors. Serious student 
of film since age 15—now 24. Currently em- 
ployed but anxious to train for a position where 
ability, sincere interest and creativeness offer 
opportunity. Will locate anywhere in U.S. 
Top industry and character references supplied in 
confidence. Sunny De Iseghohimen, Ministry of 
Research & Information, Film Production Unit, 
Ikoyi-Lagos, Nigeria. 


Motion-Picture Technician. Just returned from 
2 yrs work in Europe and Asia, including installa- 
tion of motion-picture laboratory in Pakistan for 
Reevesound, Inc., and production management 
for Alfred Wagg Pictures. Formerly with Capital 
Film Laboratories, Washington, D.C., for several 
yrs; also designed and built production and lab 
equipment since 1945 under company name of 
Telex Films. Experienced to do capable work in 
production, editing, sound and _ laboratory. 
Particularly interested in overseas positions, will 
consider any part of the world. Complete resume 
on request. Victor E. Patterson, c/o Frank Enge, 
Jr., 1025 Connecticut Ave., N.W., Washington, 
D.C. 


Positions Available 


Technical Writers. Electronic equipment; fa- 
miliarity with military specs and government pro- 
cedure essential. Work in Long Island area. 12 
required. Electronic Engineers, with TV cam- 
era, monitor, closed-circuit design experience. 15 
required. Penult Corp., 103-14 Roosevelt Ave., 
Corona 68, N. Y. HIckory 6-1294. 


Photographic Instrumentation Engineer. GS- 
13, $10,130 per yr. To act as technical rep. 
of U. S. Army Pictorial Center, N.Y., in working 
with manufacturers and reps. of other gov. 
agencies on testing, operation repair, design 
and supervision of manufacture of electrome- 
chanical instrumentation systems based on photo- 
graphic recording devices. Considerable travel 
involved. Applicants must have 4 yr engi- 
neering college or equivalent college and expe- 
rience combination, plus 3 yr general and 1 yr 
specialized engineering experience. Standard 
Form 57 (Application for Federal Employment), 
obtainable from the U. S. Civil Service Com- 
mission or any Post Office, should be completed 
and sent to: Civilian Personnel Office, Army 
Pictorial Center, 35-11 35th Ave., Long Island 
City 1, N.Y. RA 6-2000, Ext. 238. 


Photographic Instrumentation. Los Angeles 
area firm manufacturing photographic instru- 
mentation equipment needs a sales engineer. 
Engineering degree preferred. Position consists 
of selling, training field personnel, field service, 
and relating customers’ requirements to the 


CLASSIFIED ADVERTISING 


FOR SALE 
16mm FILM PROCESSING LABORATORY 


Completely equipped for printing and de- 
veloping color and black-and-white film. 
Active, well-established business. Inventory 
$78,000. Asking $95,000. Terms arranged, 
principals only. Write Sabine Gwynne, Apt. 
1F East, 450 East 63 St., New York 21. 


FOR SALE 
ACME 35mm ANIMATION STAND 


complete with Bell & Howell Camera, 1:1 
motor, 3-strip shutter. 
WILDING, INC. 
1345 Argyle St., Chicago 40. 








design of new products. Send resume to P.O. Box 
22140, Los Angeles 22, Calif. 


Laboratory Processing. Experienced or in- 
experienced processing man wanted by 16mm 
lab in Chicago area offering negative, positive, 
reversal and soundtrack developing. Write 
P.O. Box 401, West Chicago, III. 


Motion-Picture Production. Organizers of new 
corporation in Managua, Nicaragua, require 
man well versed in professional motion-picture 
photography, with working knowledge sound re- 
cording, color, laboratory work, etc., to prepare 
budget of equipment necessary to start operating 
a motion-picture studio on an economical basis. 
Applicants should preferably be in a position to 
go to Managua to assist in the installation and 
operation of the studio, and in the selection and 
training of technical personnel. Send full in- 
formation and salary requirements to: Conrad 
Morgan B., P.O. Box 1926, Managua, Nicaragua. 


Cameraman. Prefer man with considerable ex- 
perience on Mitchell Cameras. Midwest producer 
with fine reputation and financial standing wants 
man with ability and experience in lighting sets 
and operating camera on all kinds of interior and 
exterior photographic assignments. Very little 
travel involved in job. Excellent starting salary 
and opportunity. Write giving full details of past 
and present employment, equipment used, posi- 
tions held, etc. Technisonic Studios, Inc., 1201 
Brentwood Blvd., St. Louis 17, Mo. 


Sales Engineer. Opportunity with West Coast 
office for sales engineer with manufacturer of 
theatre lighting and control equipment and 
architectural incandescent lighting. Work re- 
quires ability to call on architects, theatres, con- 
sulting electrical engineers, contractors. Loca- 
tion: in and around Los Angeles area. Please 
forward complete information, which will be kept 
in strict confidence, to: Century Lighting, Inc., 
1840 Berkeley St., Santa Monica, Calif. 


Photographer-Editor. Studio in Dallas, Texas, 
requires qualified motion-picture photographer 
and editor. Prefer college training. Please furnish 
references along with resume and salary re- 
quirements to: Keitz & Herndon, 3601 Oak 
Grove, Dallas 4, Texas. 


Photographic Equipment Engineer. Excellent 
opportunity for photo engineer with thorough 
experience in determining special equipment 
needs for large photo lab operations, and execut- 
ing the design specifications thereof. Will act as 
the authority on systems modifications and addi- 
tions. Should have knowledge of printing equip- 
ment, processing and sensitometry. Write W. F. 
Marquette, RCA Service Co., Mail Unit 114, 
Patrick Air Force Base, Florida. 
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Spotlight on 


Gevaert 
Positive 
Fine Grain 
Film 


Gevaert Positive Fine Grain, Type 561, is well known for its superb gradation 
and extremely fine grain. It is also favored for its consistent high quality which 


enhances sound, as well as picture. 


Gevaert Positive Fine Grain is used in many laboratories throughout the world 
for all printing processes. If you are not acquainted with our Type 561, we 


invite you to try it. 


Complete assortment of highest quality material 


GEVAERT PHOTO-PRODUCTEN N.V. MORTSEL (ANTWERP) BELGIUM 


In the U. S.: The Gevaert Company of America, Inc., 321 West 54 Street, New York 19 
In Canada: Photo Importing Agencies Ltd., 345 Adelaide Street West, Toronto 2B, Ontario 
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Meeting Calendar 


AIEE, Winter General Meeting, Jan. 31—Feb. 5, New York. 
IRE and AIEE, Transistor and Solid State Circuits Conference, Feb. 11, 
12, 1960, Univ. of Penn., Philodeiphia. 
National Society of Professional Engineers, Winter Meeting, Fed. 18- 
20, 1960, Broadview Hotel, Wichita, Kan. 
Deutsche Kinotechnische Gesellschaft, Annuc! Meeting and Equipment 
Berlin. 


University, 

National Electrical Industries Show, Mar. 6-9, 1960, Coliseum, New 
York. 

ASCE, New Orleans Convention, Mar. 7-11, 1960, Jung Hotel, New 
Orleans, Lo. 

IRE National Convention, Mar. 21-24, 1960, Coliseum and Waldorf- 
Astoria Hotel, New York. 

American Chemical Society, National Meeting, Apr. 5-14, 1960, 


Cleveland, Ohio. 

Optical Society of America, Spring Meeting, Apr. 7~9, 1960, Hotel 
Statler, Washington, D.C. 

inter-Society Color Council, 29th Annual Meeting, Apr. 11, 12, 1960, 
Philadelphia Museum College of Art, Philadelphia. 

IRE, South West Regional Conference and Electronics Show, Apr. 20- 
22, 1960, Shamrock-Hilton Hotel, Houston, Texas. 

Manned Space Stations Symposium, Apr. 20-22, 1960, Ambassador 
Hotel, Los Angeles. 

87th Semiennua!l Convention of the SMPTE, including Equipment 
Exhibit, May 1-7, 1960, Ambassador Hotel, Los 

IRE National Aeronautical Electronics Conference, May 2-4, 1960, 
Dayton, Ohio. 

American Rocket Society, May 9-12, 1960, Ambassador Hotel, Los 


Angeles. 
Society of Photographic Scientists and Engineers Annual Conference and 
Equipment Exhibit, May 9-13, 1960, Hotel Miramar, Santa Monica. 


Calif. 

Society of Military Engineers, National Convention, May 16, 17, 1960, 
Weshington, D.C. 

ASME, Design Engineering Div. Conference, May 23, 1960, New York. 


Vol. 1, No. 2, 1959, ed. A. Kraszna-Krausz, 
reviewed by Glenn E. Matthews; Proceedings of 
the National Electronics Conference Vol. 14, re- 
viewed by M. T. Pappas; Camera, July 1959; 
Film: An Anthology, ed. Daniel Talbot; The 
Engineering College Research Review 1959, ed. 
Renato Contini; Printed Circuit Diagnosis Made 
Easy, by C. P. Oliphant; Electronic Switching, 
Timing and Pulse Circuits, by Joseph M. Pettit; 
The Changing Picture in Video-Tape for 1959- 
1960, 3M Co.; Visual Aids in Fundamental Edu- 
cation and Community Development, by Romash 
Thapar (UNESCO). 

Nonthectrical Films—An Interim Report, by John 
Flory and Thomas W. Hope 


New Products . 
Employment Service 


Gevaert Photo-Producten N. V. . . 
Karl Heitz, Inc 

Hollywood Film Co... . . 
Jamieson Film Co.. . , 

La Vezzi Machine Works 
Magnasync Mfg. Co., Ltd. 
Mole-Richardson Co. 

Movielab Color Corp... . . 
Peerless Film Processing Corp. 
Prestoseal Mfg. Corp 
Professional Services 

L. B. Russell Chemicals, inc 
$.0.S. Cinema Supply Corp. 


Design Engineering Show, May 23-26, 1960, Coliseum, New York. 

Institute of the Aerenautical Sciences, National Summer Meeting, Mid- 
June, 1960, Los Angeles. 

Acoustical Society of America, Spring Meeting, June 9-11, 1960, 
Providence, R.1. 

National Society of Professional Engineers, Annual Meeting, June 9-11, 
1960, Statler Hotel, Boston, Mass. 

International Electronic, Nuclear and Cinematographic Exhibition, June 
15~—July 5, 1960, Rome, Italy. 

AIEE, Summer General Meeting, June 19-24, 1960, Atlantic City, NJ. 

American Society for Engineering Education, Annual Meeting, June 20- 
24, 1960, Purdue Univ., West Lafayette, ind. 

First Congress International Federation of Automatic Control, June 25- 
July 9, 1960, Moscow, U.5.S.R. 

American Society for Testing Materials, Annual Meeting and Apparatus 
Exhibit, June 26-July 1, 1960, Chalfonte-Haddon Hall, Afiantic 
City, NJ. 

ee tae ee 8-12, 1960, San Diego, Calif 

Evropean Conference on Electron Microscopy, Aug. 29-Sept. 3, 1960., 
Delft, Netherlands. 

AJEE Fall General Meeting, Oct. 9-1 4, Chicago. 

NEC National Electronics Conference, Oct. 10-12, 1960, Hotel Sher- 
man, Chicago. 
Fifth International High-Speed Cengress and Equipment Exhibit, 
sponsored by the SMPTE, Oct. 16-22, 1960, Sheraton-Park Hotel, 

0.c. 


Washington, 

ee 19-21, 1960, Columbus, Ohio. 

89th Semianaval Convention of the SMPTE, May 7-12, 1961, King 

Edward Sheraton, Toronto. 

90th Semiannual Convention of the SMPTE, Oct. 2-6, 1961, Loke 
Placid, N.Y. 

91st Sem’~nnval Convention of the SMPTE, Apr. 30-May 4, 1962, 
Ambassador Hotel, ios Angeles. 

92nd Semiannual Convention of the SMPTE, Oct. 22-26, 1962, 
Drake Hotel, Chicago. 


SMPTE Officers and Committees: The rosters of the Officers of the Society, its Sections, Subsections and Chapters, and 
of the Committee Chairmen and Members were published in the April 1959 Journal. 





The objectives of the Society are: 


- Advance in the theory and practice of engineering in motion pictures, television 
and the allied arts and sciences; 


- Standardization of equipment and practices employed therein; 

- Maintenance of high professional standing among its members; 

» Guidance of students and the attainment of high standards of education; 
Dissemination of scientific knowledge by publication. 


Progress toward the attainment of these objectives is greatly aided by the financial support provided 
by the member companies listed below. 


Motion Picture Enterprises, inc. 
Motion Picture Laboratories, Inc. 


Motion Picture Co. 
Moviola Co. 


E. |. du Pont de Nemours & Co., inc. 
Eastern Effects, inc. 
Eastman Kodak Company 
Electronic Systems, Inc. 
Elgeet Optical Company, Inc. 
Max Factor & Co. 
Filmline Corporation 
General Company 
General Film Laforatories Corporation 
General Precision Laboratory 
incor 
W. J. German, inc. 
Gevaert Photo-Producten N. V. 
Guffanti Film Laboratories, inc. 
Frank Herrnfeld 


Acme Flim Laboratories, inc. 

Alexander Film Co. 

Altec Service Company 
Altec Lansing Corporation 

Ampex Corporation 

Animation Equipment Corp. 

Ansco 

Arriflex Corp. of America 

C. S. Ashcraft Mfg. Co. 

The Association of Cinema 
Laboratories, Inc. 

Association of Professional Cinema 

Equipment Dealers of New York 

Camera eo ey Company, Inc. 
The Camera Mart, Inc. 
Florman & Babb, Inc. 
National Cine Equipment, inc. 
$.0.S. Cinema Supply Corporation 

Atias Film Corporation 

Audio Productions, Inc. 

Bausch & Lomb Optical Co. 

Beckman E. Whitley, Inc. 


Film 
Philip A. i" nt i 
Pp u y 

Hunt's Theatres 
Hurley Screen Company 

JM De nc. 

The Jam Organization, inc. 
Burnett-Timken Research Laboratory Jamieson Film Co 


Byron Motion Pictures, Inc. 
S. W. Caldwell Ltd. 
The Calvin Company 
Capital Film Laboratories, inc. 
Oscar F. Casson Company 
Century Lighting, Inc. 
Century jector Corporation 
Cineffects, inc. 
Cinesound, Ltd. 
Geo. W. Colburn Laboratory, inc. 
Color Reproduction Company 
Columbia Broadcasting System, inc. 
CBS Television Network; 
CBS Television Stations; CBS News; 
CBS Film Sales; Terrytoons 
Comprehensive Service Corporation 
Consolidated Film industries 
Dage Television Division of Thompson 
Ramo Wooldridge inc. 
DeFrenes Company 
DeLuxe Laboratories, inc. 
Desilu Productions, inc. 
Du Art Film Laboratories, Inc. 
Tri Art Color Corporation 
Dupont of Canada, Ltd. 


The Society invites applications 


The Kalart Company, inc. 
Victor — 


Kear & Ken 


Kollmorgen 
Laboratoires 
S. A. 


tion 


ieubtaioapthenes CTM 


for Sustaining Membership from other interested companies. 


Information may be obtained from the Chairman of the Sustaining Membership 
Byron Roudabush, c/o Byron Motion Pictures, Inc., 1226 Wisconsin Ave., N.W., Washington 7, D.C. 
































